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TIIF  KN'rUAl.l’V 

M  .  A  r  i  y  a  .  M  .  W 


(H-  rORMATK'N  ()l  AFSINE 

Morozova  and  K  h  ii  a  n  T  s  z  i  -  t  a  i 


The  enthalpy  of  formation  of  arsine  has  more  than  once  been  the  subject  of  investigation  by  a  series  of 
authors  [1,  2],  At  the  present  time  the  universally  adopted  figure  [•*1-5]  found  by  Ogier  [2]  is  43.6  kcal/inole. 

The  author  cited  [2]  used  for  the  calorimetric  measurements  the  reaction  of  arsine  with  liquid  bromine 
and  water.  Berthelot  and  Petit  [6],  by  the  same  method,  f^  und  the  enthalpy  of  formation  of  stibine  to  be  79.5 
hcal/mole.  Stock  and  Wrede  [7],  by  spontaneous  decomposition  of  stibine  (initiated  ignition  from  a  high  vol¬ 
tage  coil)  in  a  calorimeter,  found  a  much  lower  absolute  value,  namely  34  kcal/mole.  Stock  and  Wrede  showed 
that  tile  method  indicated  by  Ogier  was  incorrect  and  therefore  the  figure  proposed  by  him  for  the  enthalpy  of 
formation  of  arsine  is  not  true. 

In  the  determination  of  the  enthalpy  of  formation  of  ASH3  by  spontaneously  carrying  out  its  decomposition 
reaciion  in  a  calorimeter,  the  high  stability  of  this  substance,  which  decomposes  very  slowly  even  at  temperatures 
of  .SOO”  or  thereabouts,  with  an  electrical  discharge,  is  a  hindrance. 

We  obtained  the  value  for  the  enthalpy  of  formation  of  arsine  by  calorimetric  determination  of  the  enthalpy 
of  the  reaction  between  magnesium  arsenide  and  dilute  hydrochloric  acid,  the  reaction  between  magnesium 
arsenide  and  dilute  hydrochloric  acid  containing  potassium  iodide  and  iodine,  and  the  enthalpy  of  mixing  of  a 
solution  of  arsenic  acid  with  dilute  hydrochloric  acid  containing  potassium  iodide  and  iodine. 

The  first  reaction  proceeds  according  to  the  equation: 


M83As2cryst.  ®^^^sol.  —  ^^8^^2sol.  +  2AsH3gas 


Tlie  second  reaction  proceeds  without  evolution  of  gas;  the  state  of  valency  of  the  arsenic  present  in  the 
products  is  not  clear.  In  order  to  avoid  errors  connected  with  this  uncertainty,  we  determined  the  heat  of  mix¬ 
ing  of  a  solution  of  arsenic  acid  with  the  same  solution  (HCl  +  KI  +  I2)  in  which  the  dissolution  of  Mg3As2  had 
been  produced. 

This  offers  the  possibility  of  determining  the  heat  of  formation  of  arsine  with  the  aid  of  the  following  series 
of  reactions: 


M83As2cryst.  ®^^sol.  ~  3MgCl2sol. 2ASH3  gas  "*■  Qi> 

2ASH3  gas  =  2As  cryst.  +  3H2  gas  +  Qs 

2As  cryst.  +  5(KI  +  Is) sol.  ~  ^^^sol.  2H3ASO4S0I.  +  lOH^sol.  Qs* 

3H2gas  ■*"  +  l2)sol.  ~  ®^sol.  ^^^sol.  Q4* 


HsAsO^jqj^  +  x(KI  +  l2)sol.  y^^sol.  ^^2®liq.  •••'*’  ^5* 
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The  sum  i,)j, .  .  .i.V,  reprcsciiis  the  m.ijviilude  of  the  he.tr  effeci  <>1  the  reaction  of  magnesium  arsenide 
wirh  dilute  liydr<H'hlorie  acid  eoiitaiuinj;  HI  and 

The  amounts  Q.  (.)j  and  f.V,  were  determined  experimentally  by  ns:  Q  -  371.1  kcal,  Qj  =  213.6  kcal, 
Qs  "  13.2  keal. 

The  quantities  and  O4  may  be  easily  calculated  on  the  basis  of  the  data  given  in  the  literature  [3]: 
Os  -  23,7  kcal.  O4  =  83.6  kcal. 

The  quantity  required  Oz  =  371,1  —  213.6  —  25.7  —  85.6  -  15,2  =  31.0  kcal. 


Fig.  1.  Enthalpy  of  formation  of  vol¬ 
atile  hydrogen  compounds  (referred  to 
1  g-atom  of  hydrogen)  for  elements  of 
groups  II  -  rv  of  the  periodic  system 
(in  kcal). 


-AH 


Fig.  2,  Enthalpy  of  formation  of 
hydrogen  and  oxygen  compounds  of 
elements  of  main  sub-group  of  group 
V  (in  kcal/ mole)  as  a  function  of  the 
ordinal  number  (Z). 


From  this  the  enthalpy  of  formation  of  arsine  is  shown  to  be  (at  298“K),  15.5  ±  4  kcal/mol.* 

3 

^®cryst,  ^2 gas  ~  —  15.5  Kcal. 

The  slightly  higher  error  connected  with  this  amount  is  explained  by  the  large  amounts  involved  in  its 
calculation. 

Fig.  1  represents  the  enthalpy  of  formation  of  volatile  hydrogen  compounds  referred  to  1  g-atom  of  hydro¬ 
gen,  for  the  first  five  groups  of  tlie  periodic  system.  The  points  shown  cat  a  line  are  based  on  the  preceding  value 
of  the  enthalpy  of  formation  of  arsine(43.6  kcal). 

When  using  the  new  value  for  arsine,  the  usual  course  of  the  measurements,  (referred  to  1  g-atom  of 
hydrogen)  of  the  enthalpy  of  formation  of  hydrogen  compounds,  in  passing  from  an  element  of  the  sixth  group  to 
an  element  of  the  fifth  group,  is  observed.  Previous  knowledge  of  die  entiialpy  of  formation  of  arsine  created  an 
impression  of  anomalous  behavior  for  elements  of  group  IV. 

•Later,  by  determining  the  heat  of  die  reaction: 

Zn3As2cryst.  ®^^sol,  ~  ^ZnCljsol.  +  2AsH3gas 
Zn3As2cryst.  ®^^sol.  ^^^zliq.  “^ZnBrjgQj^ 

^®cryst.  ^'^^sol.  "*■  *^^’^2liq.  ~  ••• 

we  found  18  ±  1.5  kcal/mole  for  AH  of  formation  of  ASH3.  As  diis  method  involves  smaller  quantitie:,  we  prefer 
18  ±  1.5  kcal/mole  for  the  AH  of  formation  of  arsine. 
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Fig.  2  represents  the  course  of  the  amounts  for  tlio  entlialpy  of  formation  cf  liydrogen  compounds  of  cleincoo 
of  the  main  subgroup  of  group  V,  as  a  function  of  tlie  ordinal  number,  Tliis  curve  is  practically  linear,  i.  e,, 
the  phenomenon  of  secondary  periodicity  is  not  extended  at  all  to  the  enthalpy  of  formation  of  hydrogen  com¬ 
pounds  of  elements  of  the  main  subgroup  of  group  V.  or  only  very  vteakly.  For  comparison  ,  in  Fig.  2  is  given 
the  curve  for  the  enthalpy  of  formation  of  oxygen  compounds  of  elements  of  the  main  sub  group  V  and  this 
clearly  obeys  the  rule  of  secondary  periodicity. 


SUMMARY 

1.  The  enthalpy  of  formation  of  arsine  has  been  found  to  be  18  ±  1.5  kcal/mole  (at  298"K). 

2.  The  enthalpies  of  formation  of  hydrogen  compounds  of  elements  of  the  main  subgroup  of  group  V 
represent  approximately  a  linear  function  of  the  ordinal  number.  The  effect  of  secondary  periodicity  is  thus  not 
extended  at  all  to  the  hydrogen  compounds  of  elements  of  the  main  .subgroup  of  group  V  or  only  very  sligliily. 
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STUDY  OF  THE  INTERACTION  OF  SULFATES  AND  MOLYBDATES  OF 


LITHIUM  AND  SILVER  IN  MELTS 
I.  N.  Belyaev  and  S.  S.  Doroshenko 


Earlier,  [1-4]  in  examples  of  the  sulfate  —  molybdate  and  sulfate  —  tungstate  exchange  of  lead  and  alkali 
metals,  it  was  shown  that  the  irreversibility  increases  in  the  series  of  the  reciprocal  systems  Li(Na.  K)Pb  ||  SO4, 
WOiMoO,.)  from  K.  Pb  |1  SO4,  W04(Mo04)  to  Li.  Pb  ||  SO4.  W04(Mo04). 


Fig.  1.  Fusibility  of  lateral  sides  and  diagonal 
sections. 


Fig.  2,  Course  of  internal  sections. 


In  these  works  it  was  shown  that  when  one  of 
the  cations  taking  part  in  the  reaction  has  18+2 
surface  electrons  (Pb)  and  one  of  the  two  cumplex 
oxygen  -containing  anions  has  in  its  composition  an 
element  with  an  incomplete  d  -  electron  film  (W,  Mo), 
then  the  reaction  is  directed  towards  the  side  of  com¬ 
bination  of  the  cation  with  (18  +  2)  electron  films, 
with  the  anion  containing  the  incomplete  d -electron 
film. 

The  systems  investigated, Na,  Ag  ||  M0O4,  SO4  [5] 
showed  that  the  relationships  found  for  the  systems 
with  sharing  of  the  cation  with  (18  +  2)  electrcm  film, 
extend  to  systems  with  an  18-electron  film. 

In  the  present  paper  the  results  are  presented  of 
a  study  of  interaction  in  the  system, sulfates  and  molyb¬ 
dates  of  lithium  and  silver  by  the  visual  polythermal 
method.  The  fused  salts  were  prepared  in  a  platinum 
crucible  in  a  resistance  furnace,  the  temperature  being 
regulated  with  the  aid  of  a  Pt  —  PtRh  thermocouple 
calibrated  to  the  melting  point  of  the  chemically  pure 
salt.  The  melts  were  stirred  vigorously  with  a  plati¬ 
num  stirrer. 

There  were  investigated  the  salts:  Li2S04, 
chemically  pure,  m.  p.  860";  Li2  M0O4  obtained  by 
fusing  c.  p.  Li2C03  and  M0O3  in  stochiometric  pro¬ 
portions;  M0O3  was  prepared  from  ammonium  molyb¬ 
date  by  heating  it  to  300-400®  and  subsequent  calci¬ 
nation  in  an  atmosphere  of  oxygen,  m.  p.  Li2Mo04  — 
700",  Ag2S04  was  obtained  according  to  [6],  m.  p. 

654";  Ag2Mo04  was  obtained  by  fusing  AgN03  with 
M0O3  according  to  [7],  m.  p.  554®.  All  the  salts  were 
dried  carefully  and  stored  in  an  desiccator  over  sul¬ 
furic  acid. 


Lateral  sides.  1.  The  system  A{*2SOi  -LijSO.i  was  studied  earlierifS,  9].  Our  data  are  given  in  Fig.  1 
and  agree  with  die  literature.  In  the  system,  one  eompouud  is  formed  in  the  proportion  1: 1  and  forms  eutectic 
mixtures  with  die  original  components  of  compfisition  2r>mole‘/o  and  67mole  ojo  Li2S(),t*,  whose  melting  points 
are  568  and  554*.  Conversion  from  a-  to  0-Li2SO,  takes  place  at  572“  and  68.5%  Li2S04. 

2.  The  system  AgjMoO^  —  Ll2Mof),  represents  a  system  with  a  simple  eutectic  of  composition  32% 

LI2M0O4  and  m.  p.  445*  (Fig.  1.  Table  1). 

3.  The  system  Ag2Mo04  ~  AgjSO^  has  been  studied  earlier  [5].  It  was  considered  to  be  beyond  the  eutectic 
although  a  carefully  re|>eated  study  showed  that  the  system  passes  through  an  uninterrupted  series  of  solid  solu¬ 
tions  with  a  minimum  at  500*  (Fig.  1,  Table  1). 

4.  The  system  Li2Mo04  —  Li2S04  was  studied  first  of  all  and  is  characterized  by  a  simple  eutectic  of  com¬ 
position  64.5%  Li2SO,.  and  m.  p.  560*.  Conversion  from  a-  to  0  -Li2S04  takes  place  at  572“  and  67%  Li2S04 
(Table  1.  Fig.  1). 

Diagonal  sections.  The  stable  diagonal  Ag2Mo04- Li2S04  has  the  form  of  the  usual  binary  system  with  a 
eutectic,  compc'sition  11%  Li2S04  and  m.  p.  506“.  Polymorphic  conversion  is  observed  at  572“  and  25.5%  Li2S04. 
(Table  1,  Fig.  1).  As  seen  from  Fig.  1,  on  the  lateral  branch  of  the  Li2S04  crystallization,  there  is  a  marked 
sloping  portion,  indicating  the  approach  of  components  of  the  stable  pair  to  the  limit  of  saturation.  The  unstable 
section  is  Ag2S04  —  Li2MoC4  (Fig.  1,  Table  1);  liquidus  curve  of  the  system  has  four  transitional  points,  corresponding 
to  the  joint  crystallization;  Ag2S04  and  0  -Li2S04  (440“  and  22%  Li2Mo04):  0  -Li2S04  -  Li2Mo04  (505“  and  72.5% 
Li2Mo04);  and  two  points  of  common  crystallization  of  a-  and  0  -  Li2S04  at  572“. 


TABLE  1 


1 

1  ^ 

•  1 

2 

^  I 

2 

1 

2 

1 

2 

AjjMoO, — 

Li.MoO,* 

AjjMoO,— 

■A^jSO.* 

LijMoO,— 

Li^O,* 

AgrjMoO, — 

LijSO,* 

AjjSOi—LijMoOi* 

i 

0 

554° 

0.0 

555° 

0 

700° 

0 

554° 

0 

654° 

5 

540 

5 

546 

5 

690 

2.5 

545 

5 

614 

10 

527 

10 

537 

10 

682 

5 

534 

10 

570 

15 

512 

15 

528 

15 

674 

7.5 

520 

15 

521 

20 

496 

20 

519 

20 

664 

10 

508 

17.5 

493 

25 

480 

25 

510 

25 

655 

12.5 

513 

20 

470 

27.5 

467 

27.5 

506 

30 

646 

15 

525 

22.5 

440 

30 

456 

30 

503 

35 

636 

20 

549 

25 

459 

32.5 

448 

32.5 

500 

40 

625 

22.5 

560 

27.5 

476 

35 

460 

35 

501 

45 

614 

25 

570 

30 

493 

37.5 

473 

37.5 

502 

50 

602 

27.5 

582 

35 

528 

40 

485 

40 

505 

55 

588 

30 

592 

40 

561 

45 

504 

45 

510 

57.5 

582 

32.5 

599 

45 

600 

50 

524 

50 

518 

60 

574 

35 

604 

50 

620 

55 

540 

55 

528 

62.5 

566 

40 

612 

55 

621 

60 

558 

60 

538 

65 

568 

45 

617 

60 

606 

65 

576 

65 

552 

67.5 

597 

50 

620 

65 

569 

70 

592 

70 

565 

70 

623 

55 

621 

67.5 

558 

75 

609 

75 

580 

72.5 

646 

60 

623 

70 

541 

80 

628 

80 

595 

75 

669 

65 

629 

72.5 

505 

85 

644 

85 

610 

80 

712 

Yo 

638 

75 

535 

90 

662 

90 

624 

85 

753 

75 

649 

77.5 

554 

95 

679 

95 

639 

90 

792 

80 

662 

80 

570 

100 

700 

100 

654 

95 

826 

85 

686 

85 

603 

100 

860 

90 

742 

90 

637 

95 

801 

95 

669 

100 

860 

100 

700 

Note;  First  column  —  mole  %  of  added  component  (indicated  by  an  asterisk),  second  column  —  temperature  of 
start  of  crystallization. 


•All  percentages  are  molecular. 
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TABLE  2 


1 

2 

Section  III 

25%  ) 

Li2S04  1 

75% 

Ag2S04  1 

— >  Li2Mo04  * 

0 

568° 

2.5 

534 

5 

507 

7.5 

481 

10 

460 

12.5 

440 

15 

456 

17.5 

470 

20 

484 

Section  IV 

15% 

LiaSO 

85% 

Ag2S04  1 

— ►  Li2Mo04  * 

0 

600° 

5 

542 

10 

482 

12.5 

459 

15 

436 

17.5 

449 

20 

465 

25 

500 

30 

533 

35 

562 

40 

604 

45 

621 

50 

623 

55 

611 

60 

579 

65 

554 

67.5 

537 

70 

509 

72.5 

530 

75 

548 

Section  V 

900/0  ] 

Ag2S04  1 

10»/o 

Ag2Mo04  ) 

->  Li2S04  • 

0 

624° 

5 

599 

10 

571 

15 

546 

20 

520 

22.5 

506 

1 

2 

25 

489 

27.5 

472 

30 

483 

32.5 

492 

35 

500 

40 

511 

45 

515 

50 

516 

55 

514 

60 

512 

62.5 

510 

65 

545 

67.5 

562 

70 

583 

75 

648 

80 

696 

Section  VI 

250/0 

Ag2Mo04  _ 

75% 

Ag2S04  ) 

->  Li2Mo04  • 

0 

580° 

5 

538 

10 

497 

12.5 

479 

15 

460 

17.5 

465 

20 

483 

25 

518 

30 

548 

35 

570 

40 

604 

45 

620 

50 

622 

55 

600 

60 

568 

65 

542 

67.5 

517 

70 

521 

72.5 

540 

75 

556 

Section  vil 

50o/„  ) 

Ag2Mo04  1 

500/0  \ 

Ag2S04  ) 

Li2Mo04  • 

0 

•  518° 

2.5 

500 

5 

486 

7.5 

474 

10 

480 

12.5 

498 

15 

515 

20 

542 

25 

560 

30 

581 

35 

607 

40 

613 

45 

606 

50 

582 

55 

561 

60 

532 

62.5 

506 

65 

516 

70 

550 

75 

574 

SectiorVIII 

37.50/0  ) 

Ag2S04  1 

62.50/0 

Ag2Mo04| 

->  Li2Mo04  • 

0 

502° 

2.5 

492 

5 

484 

7.5 

482 

10 

500 

12.5 

513 

15 

526 

Section  IX 

25% 

Ag2S04  _  1 

750/0 

Ag2Mo04j 

Li2Mo04  * 

0 

510° 

2.5 

506 

5 

499 

7.5 

494 

10 

506 

15 

527 

20 

547 

25 

566 

27.5 

576 

30 

585 

35 

578 

40 

559 

45 

536 

50 

508 

52.5 

493 

55 

487 

57.5 

505 

60 

523 

65 

550 

70 

571 

75 

592 

Section  X 

50/0 

1 

Ag2S04  ^ 

950/0 

Ag2Mo04) 
Li2Mo04  * 

0  . 

546° 

5 

536 

10 

523 

15 

508 

20 

495 

30 

463 

25 

481 

32.5 

450 

35 

441 

37.5 

454 

40 

467 

45 

491 

50 

512 

55 

532 

60 

552 

65 

563 

Section  XI 

157o  1 

Li2Mo04  1 
850/0  f 

Ag2Mo04  1 
-►  Li2S04  • 

0 

512° 

2.5 

504 

5 

498 

7.5 

515 

10 

532 

15 

559 

Section  XII 

,  250/0  ] 

Li2Mo04  1 

.  750/0  ( 

Ag2Mo04  } 

—>  Li2S04  * 

0 

480° 

2.5 

477 

5 

474 

7.5 

505 

10 

526 

15 

560 

20 

584 

Section  I 

50«/„  ] 
LI2SO4  I  . 
50»/„  ^ 

Ag2S04  ) 

— >  Li2Mo04  * 


0 

2.5 

.5 

7.5 
10 

12.5 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

62.5 
65 
70 
75 


5740 

539 

511 

485 

496 

518 

536 

567 

608 

625 

633 

629 

614 

5f6 

558 

526 

530 

542 

564 

587 


Section  II 

35%  ) 
Li2S04  I 
657o 

Ag2S04  ) 

— *•  Li2Mo04  * 


0 

2.5 

5 

7.5 
10 
12.5 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 


572° 

547 

521 

498 

469 

455 

476 

516 

556 

596 

619 

625 

622 

609 

581 

554 

526 

539 

572 


25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 


597 

607 

614 

616 

617 

618 
620 
623 
628 
639 
654 


Section  XIII 

50»/o  ] 
Li2Mo04l 
50»/o  \-* 

A|f2Mo04j 

*•  Li2S04  • 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 
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Note;  First  column  --  mol.  %  of  added  component  (indicated  by  an  asterisk),  second  column 
temperature  of  start  of  crystallization. 
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Temperature  (In  ‘C) 


Fig.  3.  Fusibility  of  internal  sections.  Explanation 
in  Tables  2,  3. 


Fig.  4.  Projection  of  three-dimensional  diagram  on 
composition  square. 


For  the  explanation  of  the  primary  phase  of 
crystallization  in  tlie  system,  apart  from  the  lateral 
sides  and  die  diagonal  sections,  14  internal  sections 
were  studied,  the  course  of  which  is  shown  in  Fig.  2. 

The  fusibility  data  of  the  sections  are  given  in  Fig.  3 
and  Table  2. 

From  the  fusibility  data  for  the  lateral  sides  and 
the  diagonal  internal  sections,  a  projection  was  con¬ 
structed  of  the  surface  of  crystallization  by  a  three- 
dimensional  diagram  on  the  composition  square 
(Fig.  4).  For  determining  more  accurately  the  non¬ 
variable  points  and  the  isotherm  of  the  crystallization 
surface,  projections  were  consoructed  of  the  line  of 
common  crystallization  on  the  side  of  a  square  (Fig.  5); 
the  upper  —  on  the  Li2Mo04  —  Li2S04  side,  the  lower  — 
the  Li2S04  -  Ag2S04  side. 

As  seen  from  Fig.  4,  the  system  is  shown  to  be 
mutually  irreversible,  with  a  stable  diagonal  section 
Li2S04  -  Ag2Mo04.  One  of  the  salts  of  the  stable  part 
(Ag2Mo04)  contains  a  cation  with  an  18 -electron  film 
and  an  element  with  an  irreversible  d-electron  film. 

A  comparison  of  the  diagrams  in  Fig.  4  with  the 
diagrams  of  the  system  Na,  Ag  ||  SO4,  M0O4  [5],  shows 
that  the  irreversibility  in  the  system  Ag,  Li  ||  M0O4, 

SO4  is  expressed  more  sharply  than  in  the  system  Na, 

Ag  II  SO4,  M0O4.  In  the  system  Li,  Ag  II  M0O4,  SO4 
on  the  surface  of  crystallization,  Li2S04  has  a  fairly 
large  area,  being  almost  a  horizontal  square,  indicating 
the  approach  to  the  saturation  limit  and  the  possibility 
of  separation. 

In  this  way,  a  study  of  the  system  once  again 
illustrates  themles  formed  earlier  with  reference  to 
the  direction  of  the  reaction  of  sulfate -molybdate 
exchange  in  the  field  of  the  alkali  metals  and  metals 
endowed  with  cations  with  18  or  (18  +  2)  electron 
films  [5]. 


Fig.  5.  Projection  of  line  of  common  crystallization 
on  side  of  composition  square.. 


The  complex  euinpound  on  the  Ag2S04  -  side,  as  seen  from  rig.  A,  does  not  show  any  marked 

effect  on  the  exchange  reaction,  its  role  of  crystallization  occnpyiii!,  a  cornpuatively  insigtiificant  part  in  any 
surface  of  crystallization  of  the  system. 


SUMMARY 

1.  The  reciprocal -irreversible  system  of  sulfates  and  molybdates  of  lithium  and  silver  has  been  studied  by 
the  visual  polythermal  method.  AgjMoO^  —  Li^SO,,  appears  to  be  the  stable  pair. 

2.  It  is  shown  that  in  the  series  of  the  irreversible  systems  Li,  (Na)Ag  II  SO4,  MoO  the  irreversibility 
increases  from  Na  to  Li. 

S.  There  has  been  confirmed  the  assumption  formulated  earlier,  that,  in  the  sulfate -molybdate  exchange 
of  alkali  metals  with  cations  with  18  —  and  (18  +  2)  electron  films,  the  reaction  is  directed  to  the  side  of  the 
union  of  the  cation  with  18  —  or  (18  +  2)  internal  electron  films  with  anions  containing  in  their  compositii>n  an 
element  with  an  irreversible  d -electron  surface. 
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STUDY  OF  THE  MECHANISM  OF  DISTRIBUTION  OF  ISOMORPHOUS 


COMPONENTS  ON  CRYSTALLIZATION  FROM  AQUEOUS  SOLUTIONS 
USING  RADIOACTIVE  INDICATORS 

I.  STUDY  OF  THE  EQUILIBRIUM  IN  THE  SYSTEM  COPPERAMMONIUM  SULFATE  -  ZINCAMMONIUM 
SULFATE  T  WATER  AT  20*  IN  PRESENCE  OF  THE  RADIOACTIVE  ISOTOPES  Zn*®  AND  Cu®^ 


G.  I.  Gershtein  and  N.  I.  Silantyeva 


The  problem  of  the  mechanism  of  distribution  of  isomorphous  components  between  solid  and  liquid 
phases  on  crystallization  from  aqueous  solutions,  is  of  considerable  importance  in  all  the  different  fields  of 
science  and  practice.  A  study  of  equilibrium  in  aqueous  salt  systems  with  isomorphous  components  forming 
true  solid  solutions  has  been  carried  out  and  at  the  present  time  it  is  proceeding  in  two  different  directions. 

The  first  of  these  had  its  beginning  in  the  work  of  Vant  Hoff  and  Rosebaum. 

It  is  being  concluded  by  a  study  of  the  equilibrium  in  systems  at  macroconcentrations  of  both  components 
in  the  solid  phase  and  salt  fractions  of  motherliquors  (we  accept  provisionally  the  limit  between  the  micro- 
and  macroconcentrations  of  about  l^Jo  of  each  of  the  isomorphous  components  with  respect  to  their  sum).  For 
this,  the  authors  usually  arrange  tables  and  diagrams  of  the  compositions  of  the  solid  phases  and  the  mother 
liquors  and  diagrams  of  "distribution"  of  the  isomorphous  components  between  the  solid  and  liquid  phases. 

Only  in  a  few  cases  have  attempts  been  made  to  explain  the  general  rules  of  distribution  of  isomorphous  com¬ 
ponents. 

The  second  trend  developed  in  1924  in  the  classical  researches  of  the  school  of  V.  G.  Khlopin  in  a  study 
of  the  mechanism  of  equilibrium  distribution  in  aqueous-salt  systems  for  micro -concentrations  of  one  of  the 
isomorphous  components  (in  the  capacity  of  microcomponents,  usually  salts  of  natural  radioactive  elements, 
mainly  radium,  were  used). 

The  school  of  V.  G.  Khlopin  established  the  linear  rule  of  equilibrium  distribution  of  isomorphous  com¬ 
ponents  between  solid  and  liquid  phases  in  concentrations  up  to  approximately  10"*  mol.^  with  reference  to 
the  principal  substance. 

The  problem  of  concentration  limits  with  respect  to  the  application  of  the  linear  law  of  distribution  and 
the  mechanisms  of  distribution  in  passing  from  microconcentration  to  macroconcentration  of  each  of  the  iso¬ 
morphous  components,  remained  open. 

Systematic  experimental  investigations  [1-3]  were  first  started  by  us  in  this  direction.  It  was  shown  on  a 
series  of  isomers  that  the  limits  of  application  of  the  linear  law  of  distribution  are  considerably  wider  than  has 
been  assumed  hitherto.  Moreover,  it  was  established  that  many  three -component  aqueous -salt  systems  with 
isomorphous  and  isodimorphous  components,  are  ideal  for  the  desired  micro-  and  macroconcentrations  of  both 
salt  components  in  the  fields  of  existence  of  solid  phases  of  definite  structure. 

The  use  of  synthetic  radioactive  isotopes  as  radioactive  indicators  opens  up  new  perspectives  of  investi¬ 
gation  of  both  mechanisms  of  equilibrium  distribution  of  isomorphous  components  at  micro-  and  macroconcen¬ 
trations.  In  the  present  communication,  radiation  results  are  reported  of  our  first  experimental  work  in  this 
direction. 

The  system  CuS04-(NH4)2S04  -  ZnS04-(NH4)2S04  -  H2O  was  studied  at  25*  by  Hill  and  colleagues  [4] 
for  macroconcentrations  of  both  isomorphous  components.  The  authors  used  the  methof  of  "recrystallization" - 
prolonged  mixing  of  a  solution  of  one  of  the  components  with  granular  crystals  of  the  other  component. 
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VVe  calculated  the  riiaj^uitude  of  the  ei|iiilibriuin  di  .iribiition  coefficients  of  zinc  salts  with  reference  to 

.  .  ^  st)l.  Zn  liq.  ,  ,  «  ^  , 

copper  salts,  according,  to  Hill's  dataRzn/Cn  '  ^  reverse  amounts  D(-yyzn’ 

®Zn  ®nd  ccu  are  the  concentrations  of  the  zliu  and  copjjer  salts  in  the  solid  pltases  (sol.)  and  in  the  mother 
liquors  (liq).  The  results  of  these  calculations  are  given  in  Table  1. 

TABLE  1 

Figures  for  the  Equilibrium  Distribution  Coefficients  in  the  System  CuS04-(NH4)2  ~  ZnS04« 
•(NH4)2S04  —  H20  According  to  Hill’s  Experimental  Data 


Content  in  mother  liquor  (<yo) 

Content  in  solid 
phase  (%) 

^Cu/Zn 

^Zn/Cu 

CuSO,  •  (NH.LSO,  •  6H,0 

ZnSO,  (NH,),SO,  6H,0 

CuS04(NH,),S04-6H,0 

25.26 

0.00 

100.00 

20.21 

3.27 

70.90 

0.40 

2.5 

20.32 

3.16 

68.57 

0.35 

2.8 

16.43 

5.65 

50.27 

0.35 

2.9 

16.43 

5.65 

49.98 

0.34 

2.9 

10.71 

9.27 

22.56 

0.25 

4.0 

10.73 

9.24 

22.50 

0.25 

4.0 

5.86 

12.61 

4.84 

0.11 

9.1 

5.89 

12.64 

3.52 

0.08 

12.7 

In  agreement  with  Hill's  experimental  data,  the  system  is  not  an  ideal  one,  since  deviations  from  an  ideal 
substance  are  considerable:  the  amount  ^^Zn/Cu  varies  from  2.5  to  12.8,  correspondingly,  the  reverse  quantity 
DCu/Zn  varies  from  0.40  to  0.08,  On  the  basis  of  the  results  of  our  investigations  on  the  distribution  of  isomorphous 
components  in  seme  systems  with  binary  salts  of  the  schoenite  type,  [3],  doubts  arose  as  to  the  accuracy  of  Hill's 
experimental  data  and  we  decided  to  carry  out  an  experimental  check. 

Our  investigations  of  the  system  CuS04*(NH4)2S04  -  ZnS04«(NH4)2S04  -  HjO  were  carried  out  at  20  and  25*. 

Determinations  of  the  equilibrium  relating  to  both  isomorphous  components  were  carried  out  by  the  method 
of  isothermal  supersaturation  skimming  in  presence  of  vigorous  mixing  over  a  period  of  4-5  hours.  In  the  first 
series,  we  carried  out  a  study  of  microconcentrations  of  each  of  the  isomorphous  components,  using  the  radioactive 
indicators  Zn®  and  Cu®^  respectively. 

Experiments  on  the  distribution  of  microconcentrations  admixed  with  Zn,  on  crystallization  of  the  double 
sulfate  of  copper  and  ammonia,  were  carried  out  in  the  following  manner:  into  a  concentrated  solution  of  the 
copper  salt  was  introduced  the  radioactive  isotope  Zn®^,  in  some  cases  admixed  with  ordinary  zinc  salts,  then  the 
process  of  crystallization  was  carried  out.  The  original  and  the  mother  liquors  and  crystals  were  analyzed  for 
copper  salt  content  iodometrically  and  a  measurement  of  the  activity  in  solutions  and  crystals  was  obtained  witli 
reference  to  y-radiated  Zn®®.  The  specific  activity  of  the  solid  phase  was  calculated  according  to  the  formula: 


liq.  ~  fler.)  (100  ~  ^cr.) 

.Cl 


cr.-niq. 

where:  is  the  activity  of  the  solid  f^ase  (impulse  per  g-min.), 

Ocr,  is  the  activity  of  the  wet  crystals, 
a  liq.,  is  the  activity  of  the  mother  liquor, 

Ccr.  is  the  content  (in  wt.<7o)  of  CuS04.(NH4)2S04*  6H2O  in  the  crystals, 
ciiq  is  the  content  (in  wt.  <^o)  of  CuS04.(NH4)2S04. 6H2O  in  the  mother  liquor. 


The  magnitude  of  the  distribution  coefficient  when  admixed  with  zinc  on  crystallization  of  the  double 
copper  salt  was  calculated  according  to  the  formula; 


^*(Zn)/Cu-flVr. 


.  “llq. 

ciiq. 


Tlie  results  of  the  experiments  are  given  in  Table  2. 


TABLE  2 


Zn  con¬ 
tent  •  • 

Temper¬ 

ature 

Results  of  analytical  deter¬ 
mination  of  CUSO4  •(NH4)2S04  • 

•  GHjO  (wt.  <7o) 

Impulses/g 

^(ZnVCu 

cryst. 

mother 

llq. 

sol. 

phase 

cryst. 

mother 

llq. 

orig.  sol. 

0,01 

20° 

94.73 

22.73 

25.17 

113 

21.5 

227 

2.39 

0.01 

20 

95.00 

22.87 

25.47 

111 

21.4 

226 

2.41 

0.01 

20 

93.10 

22.73 

25.47 

273 

27.2 

297 

2.48 

0.10 

20 

91.82 

22.71 

27.68 

166 

18.0 

183 

2.31 

0.10 

20 

91.68 

22.67 

27.68 

217 

22.0 

240 

2.48 

0.10 

25 

94.90 

24.91 

28.92 

148 

15.8 

157 

2.47 

0.10 

25 

91.71 

25.06 

28.92 

176 

20.0 

1% 

2.45 

1.00 

20 

82.30 

22.20 

27.02 

160 

18.4 

202 

2.43 

1.00 

20 

84.45 

22.12 

27.02 

196 

22.6 

239 

2.35 

•  •In  the  original  solution,  in  °]o  with  reference  to  the  basic  solution  (copper  salts). 


As  seen  from  the  data  in  this  table,  the  magnitude  of  the  equilibrium  distribution  coefficient  with  admixed 
Zn,  with  reference  to  its  initial  concentration,  in  a  solution  from  ~  0.01  to  l<7o  (with  respect  to  the  hexahydrate 
salt)  remains  a  constant  value. 

In  a  similar  way,  experiments  were  carried  out  on  the  correct  explanation  of  the  distribution -of  microcon¬ 
centrations  admixed  with  Cu,  on  crystallizing  the  double  zinc  salts  using  the  radioactive  isotope  Cu®^.  Measure¬ 
ments  of  the  activity  of  solutions  were  also  carried  out  with  the  y-radiation  of  this  isotope. 

The  zinc  salts  contained  in  tiie  solutions  and  crystals  were  determined  by  titrating  with  potassium  ferro- 
cyanide  using  diphenylamine  as  indicator. 

The  results  of  the  experiments  are  given  in  Table  3. 


TABLE  3 


Tempera¬ 

ture 

Results  of  analytical  determination  of 
ZnS04 .  (NH4)2S04  •  6H20  (in  wt.  %) 

No,  of  impulses/g 

^(CuyZn 

in  crystals 

in  mother 
liquor 

in  original  1 
solution  1 

of  crys-  lof  mother 
tals  1  liquor 

of 

solid 

phase 

20° 

90.5 

15.2 

26.6 

61.9 

26.5 

65.9 

0.38 

20 

85.2 

15.2 

26.6 

63.8 

25.7 

70.4 

0.42 

25 

95.3 

16.9 

21.6 

172 

73.9 

178 

0.41 

25 

96.2 

17.0 

21.6 

186 

88.1 

111 

0.37 

Note;  The  original  solution  contains  admixed  copper  in  an  amount  of  0.01<7(j  of  the  zinc  content. 


•In  characterizing  D,  the  microcomponent  is  given  in  parentheses. 


2035 


CuS0i(HH^)iS0^-6Hi0(%) 


According  to  the  data  in  this  table,  the  magnitude  of  the  distributir'ii  coefficient  with  admixed  Cu,  on 
crystallizing  the  double  zinc  salt,  ^c.\\/Zn<  amounts  to  0.40.  In  this  way,  two  Khlopin  constants  (equilibrium 
distribution  coefficients  for  ml croconcentratlons  of  each  of  the  isomorphous  components),  D(Zn)/Cu  and 
*^(Cu)/Zn  are  given  side  by  side. 

On  the  basis  of  this  we  can  say  that  the  system  CuS04*(NH4)2S0,t— ZnS04*(NH4)2S04— H^O  at  20*  appears 
to  be  ideal  In  all  ranges  of  concentration  and  that  distribution  of  the  eornponents  proceeds  according  to  one 
general  law  both  for  micro-  and  macroconcentrations  of  botlr  isomorphous  components. 

For  additional  confirmation  of  the  correctness  of  this  assumption,  we  carried  out  experiments  on  the  dis¬ 
tribution  of  isomorphous  components  at  macroconcentrations  in  the  liquid  and  solid  phases.  In  these  experiments, 
in  order  to  attain  equilibrium  rapidly,  with  reference  to  both  isomorphous  components,  the  method  of  isothermal 
removal  of  snpersaturation,  with  vigorous  mixing,  was  also  used.  The  original  solutions,  mother  liquors  and 
crystals,  were  analyzed  for  copper  and  zinc  salt  contents. 

The  copper  content  was  determined  by  electroanalysis;  after  separating  the  copper,  the  zinc  salt  was 
determined  in  the  solution  by  titrating  with  potassium  ferrocyanide  using  ammonium  molybdate  as  indicator 
(external). 

In  some  of  the  tests,  with  reference  to  the  initial  materials  used,  the  double  salt  of  zinc  ammonium  sulfate, 
previously  "contaminated"  with  the  radioactive  isotope  Zn®®,  on  its  recrystallization  from  aqueous  solution,  with 
a  definite  activity,  was  used.  This  permitted  the  possibility  of  analytical  determination  of  the  zinc  salt  and  Its 
replacement  by  measuring  the  activity  of  the  mother  liquor  and  crystals  with  subsequent  conversion  of  the  acti¬ 
vity  to  the  concentration  of  the  zinc  salt. 

The  results  obtained  are  given  in  Table  4  and  Figs.  1  and  2. 

It  is  seen  from  the  data  given. in  Table  4,  that  the  magnitude  of  the  equilibrium  distribution  cofficient, 
J^Zn/Cu  or  the  reverse  quantity  ^Cu/Zn  is  on  an  average  a  constant  value  for  similar  variations  of  related  macro¬ 
concentrations  of  both  components,  this  amount  D  being  obtained  in  exactly  the  same  way  for  microconcentra¬ 
tions  of  both  components. 

In  this  way  we  have  established  that  the  system 

CUSO4  •  (NH4)2S04  -  ZnS04  •  (NH4)2S04  -  HjO 

Is  ideal  for  all  ranges  of  concentration  of  both  isomorj^ous  components.  Accordingly  the  distribution  curve  in 
Fig.  2  is  presented  as  a  hyperbola  [1]. 


ZnS0,:(MH^)2S0^'6H^(%)  mother  liquid  (%) 

Fig.  1.  Diagram  of  equilibriurn  compositions.  Fig.  2.  Distribution  diagram  of  components. 
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Analytical  results  _ _ Composition  (°Jo) - 

mother  Uquor  original  solutions  solid  phase  salt  portion  of  mother 


'  - 

SUMMARY 

1.  Experiments  have  been  carried  out  on  a  study  of  the  equilibrium  distribution  of  components  between 
the  solid  and  liquid  phases  in  the  system 

CUSO4  •(NH4)2S04-ZnS04  .(NH4)2S04-H20 

at  20  and  25*  using  the  radioactive  indicators  Zn^  and  Cu^. 

2.  It  has  been  established  that  the  system  is  ideal  at  all  ranges  of  concentration  of  both  isomorphous 
components. 

3.  It  has  been  found  that  the  magnitude  of  the  equilibrium  distribution  coefficient  of  zinc  salts  compared 
with  copper  salts  ^Zn/Cu  is  a  constant  both  for  microconcentrations  and  macroconcentrations  cf  zinc  salts 

and  has  an  average  value  of  2.43.  Accordingly,  the  reverse  quantity,  the  equilibrium  distribution  coefficient 
of  copper  salts  with  reference  to  zinc  salts,  ^  Cu/Zn  is  shown  to  be  constant  for  like  corresponding  components 
and  is  equal  to  0.41. 
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STUDY  OF  THE  SYSTEM  (NH4)2BeF4  -  NH4MnF3  -  HjO 
L.  R.  Batsanova  and  A.  V.  Novoselova 


From  data  in  the  literature,  it  is  known  that  ammonium  fluoroberyllate  dissolves  easily  in  water.  Earlier, 
in  a  study  of  the  system  NH4F~BeF2~H20  [1],  a  solution  of  (Nn4)2BeF4,  equivalent  to  21,V’]o,  was  pre¬ 
pared  atO*.  In  contrast  to  ammonium  fluoroberyllate,  the  manganese  double  fluoride,  NH4MnF3  dissolves  poorly 
in  water.  There  are  no  definite  data  on  the  solubility  of  NH4MnF3;  P.  Nuka  [2],  gives  an  approximate  figure  for 
the  solubility  of  this  salt  at  20®(1.2'7o).  A  study  of  the  solubility  diagram  of  the  system  (NH4)2BeF4— NIl4MnF3~H20 
may  be  useful  for  locating  the  specific  distribution  of  fluorine  compounds  of  beryllium  and  manganese. 

EXPERIMENTAL 

For  the  work  we  synthesized  ammonium  fluoroberyllate  and  the  double  manganese  fluoride.  The  salt 
(NH4)2BeF4  was  prepared  by  the  reaction  Be(OH)2+  4HF  +  2NH4OH  =  (NH4)2BeF4+  4H2O, 

Pure  beryllium  hydroxide  was  dissolved  in  the  required  amount  of  40%  hydrofluoric  acid  and  to  the  solu¬ 
tion  obtained,  a  solution  of  ammonia  was  added.  The  solution  containing  ammonium  fluoroberyllate  was  con¬ 
centrated  until  crystallization  started,  then  cooled  to  0*.  The  crystals  which  separated  were  washed  with  ethyl 
alcohol  and  dried  in  the  atmi^phere. 

The  double  fluoride  of  divalent  manganese  and  ammonia  was  obtained  by  reacting  solutions  of  manganese 
chloride  and  ammonium  fluoride,  in  the  form  of  finely  crystalline,  pale  rose  powder,  which  precipitated  as  a 
result  of  its  low  solubility .  The  salt,  after  separating,  was  washed  with  ethyl  alcohol  until  free  from  chlorine 
ions  and  dried  over  P2O5, 

Methcxi  and  analysis.  The  study  of  the  system  (NH4)2BeF4-NH4MnF3— H2O  was  carried  out  by  the  iso¬ 
thermal  solution  method.  The  experiments  were  carried  out  in  a  platinum  crucible  with  a  stirrer  in  a  thermostat, 
at  25  ±  0.1®.  The  equilibrium  which  was  established  was  controlled  with  respect  to  constancy  of  composition  of 
the  solution.  For  this,  10-20  houre  was  required.  In  control  experiments,  transference  continued  for  150-200  hours. 

Samples  of  the  saturated  solution  were  withdrawn  with  a  special  steam -resistant  pipette;  the  solution  was 
filtered  through  a  layer  of  cotton  wool.  The  samples  were  weighed  in  platinum  crucibles  arranged  in  glass  con¬ 
tainers,  The  solid  phase  samples  were  removed  with  the  aid  of  a  heat-resistant  small  spoon,  squeezed  out  slightly 
between  sheets  of  filter  paper,  weighed  and  analyzed.  The  composition  of  the  solutions  was  determined  by 
analysis  of  the  samples  for  manganese,  beryllium  and  ammonium  fluoride  contents.  Determinations  of  each  of 
the  components  were  carried  out  on  a  series  of  weighed  portions.  The  concentration  of  ammonium  fluoride  was 
determined  by  driving  off  the  ammonia  from  the  alkaline  solution.  Estimation  of  beryllium  fluoride  content  was 
carried  out  in  the  form  of  BeO  after  decomposition  of  the  concentrated  fluorides  with  sulfuric  acid  and  precipi¬ 
tation  of  beryllium  hydroxide. 

In  the  selection  of  a  method  of  determination  of  manganese,  we  decided  on  the  polarographic  method  of 
analysis,  which  can  be  carried  out  quickly  and  with  sufficient  accuracy  using  small  amounts  of  material  (10"*— 

10"®  M  ). 

Polarographic  estimation  of  manganese.  Polarograms  were  taken  in  the  automatic  recording  polarograph 
with  galvanometer  sensitivity  2,5  •  10"®  a/mm/M.  In  work  using  a  capillary  with  characteristics  m*/®  •  t^®  = 

=  2.24  mg*/®  'Sec  ■^*  [m  is  the  weight  of  mercury  which  has  flowed  out  of  the  capillary  in  1  second  (in  mg), 
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t  is  the  time  of  formation  of  tlie  drop  (in  seconds)].  Calculations  of  the  strength  of  tlie  diffusion  current  (in 


microamperes)  were  made  according  to  the  forlmula;  ij  = 


G.H 

l/s-l 


•  10®,  where  G  is  the  absolute  sensitivity  of 


the  galvanometer,  H  is  the  height  of  the  polarographic  wave  (in  mm),  1/s  is  the  shunt  coefficient  of  the  gal¬ 
vanometer,  1  is  the  distance  from  the  center  of  the  galvanometer  mirror  to  the  scale. 


With  reference  to  the  basis  for  the  plotting  of  polarograms  of  solutions  containing  (NH4)2BeF4  and  NH4MnF3, 
a  0.5  N  solution  of  ammonium  fluoride  was  used.  The  polarographic  wave  of  manganese  was  obtained  on  a 
0.5  N  solution  of  NH4F,  and  was  well  defined,  with  a  diffusion  current  proportional  to  the  concentration  of  man¬ 
ganese.  The  relationship  between  the  diffusion  current  and  the  concentration  of  manganese  (within  the  range 
0.3- 1.-1  mmol /liter)  is  given  in  Fig.  1. 

Berj'llium  waves  were  not  detected  in  the  solutions  containing  ammonium  fluoride.  The  presence  of 
ammonium  fluoroberyllate  has  no  effect  in  practice  on  the  height  of  the  manganese  wave;  The  values  for  the 
diffusion  currents  for  manganese  obtained  for  one  and  the  same  concentration  of  NH4MnF3,  were  the  same  in 
0.5  N  solutions  of  NH4F  and  0.2  N  solutions  of  (NH4)2BeF4.  Samples  of  the  solution  under  test  containing  the 
double  fluoride  of  manganese  and  ammonium  fluoroberyllate  (0.5  g)  were  diluted  to  the  required  volume  with 
a  0.5  N  solution  of  ammonium  fluoride;  10  ml  of  the  solution  obtained  was  placed  in  a  polarographic  cell, 
where  two  drops  of  0.05%  gelatine  solution  were  added  to  depress  the  maximum.  Dissolved  oxygen  was  removed 
from  the  solution  by  passing  in  hydrogen  for  20  minutes.  The  results  of  the  determination  of  manganese  by  the 

polarographic  method  agreed  with  control  data  obtained 
by  a  chemical  method  (with  the  aid  of  hydroxylamine  in 
the  form  of  pyrophosphate).  The  accuracy  of  the  polaro¬ 
graphic  measurement  was  1-3%. 

The  composition  of  the  solid  phases  in  the  system 
was  determined  on  many  samples  by  the  polarographic 
method,  by  the  Shreinmaker  residue  method,  and,  apart 
from  this,  on  all  samples  by  crystal  optics  (by  measuring 
the  refraction  of  crystals  by  the  immersion  method). 

For  the  determination  of  the  composition  of  the 
solid  phase,  by  the  residue  method,  a  sample  was  dissolved 
in  a  definite  amount  of  water  and  measured  portions  of 
the  solution  removed  for  analysis  for  NH4F,  MnF2  and 
BeF2.  As  the  system  (NH4)2BeF4—NH4MnF3—H20  appears 
in  part  as  a  quaternary  system,  and  the  fluorides  of  man¬ 
ganese,  beryllium  and  ammonium  contained  in  it  may  be  expected  to  separate  as  double  salts,  the  determination 
of  the  composition  of  the  solid  frfiases  was  carried  out  with  reference  to  the  quaternary  system  (in  projections  of 
the  tetrahedral  figure).  By  other  methods,  we  concluded  tliat  the  salts  exhibited  by  the  components  of  the  systems 
studied,  do  not  contain  water.  Graphical  determination  of  the  composition  of  the  solid  phases  was  difficult, 
since  points  corresponding  to  the  composition  of  the  solutions, and  also  of  the  precipitates,  lay  close  to  each 
other  on  the  diagram  owing  to  the  low  solubilities  of  the  double  manganese  fluorides.  Therefore,  in  all  the  exper¬ 
iments,  apart  from  these,  a  crystal -optic  investigation  of  the  solid  phases  was  carried  out.  First  of  all  we  recorded 
determinations  of  the  refractive  indices  of  the  original  substances  NH4MnF3  and  (NH4)2BeF4.  The  determination 
of  the  refractive  index  of  NH4MnF3  was  difficult  on  account  of  the  small  particle  size  of  the  preparation. 

Crystals  of  NH4MnF3  on  observation  in  crossed  nichols,  showed  optical  isotropism.  It  was  not  concluded,  however, 
that  the  small  figure  for  the  double  refraction  (Ng  ~  Nr)  is  covered  by  a  low  particle  size  of  the  preparation  and 
the  crystals  appear  to  belong  to  the  cubic  system.  Measurements  of  the  refractive  index  of  (NH4)2BeF4  in  view 
of  its  low  order,  were  not  possible  with  the  aid  of  the  immersion  technique.  Therefore,  a  series  of  low-refracting 
organic  liquids  with  refractive  indices  in  the  range  1.33-1.40,  was  taken,  this  eliminating  the  use  of  the  refractive 
index  of  (NH4)2BeF4,  The  results  obtained  are  given  in  Table  1. 


Fig.  1,  Dependence  of  diffusion  point  on 
concentration  of  manganese  in  presence  of 
0.5  N  NH4F  solution  (calibrated  directly). 


Results  of  a  study  of  the  system  (NH4)2BeF4— NH4MnF3— H2O  at  25*.  A  study  of  the  solubilities  in  the  system 
indicated  was  started  with  determinations  of  the  solubilities  of  ammonium  fluoroberyllate  and  the  double  manganese 
fluoride.  As  the  investigation  showed,  the  salt  (NH/,)2BeF4 dissolves  in  water  without  decomposition.  In  the  solid 
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pliase,  it  was  found  that  ammonium  fluoroberyllate  was  formed,  substantially  in  equilibrium  with  the  saturated 
solution,  on  investigation  by  precipitation  and  crystal  optics  methods.  Its  solubility  at  25*  is  32.3<7o. 


TABLE  1 

Refractive  Indices  of  the  Salts  (NH4)2BeF4  and  NH4MnF3 


Compound 

Syngony 

Shape  of  crystals 

Optical  sign 

Refractive 

indices 

(NH4)2BeF4 

Rhombic 

Six-sided  prisms 

Negative  f 

Ng  1.404 

Nm  1.399 

L 

Nr  1.392 

NH4MnF3 

Tetrahedral 

N  1.493 

On  studying  the  solubility  of  NH4MnF3,  it  was  discovered  that  the  double  fluoride  is  slowly  decomposed  by 
water.  On  mixing  solutions  of  the  double  fluoride  of  manganese  and  ammonia  at  25®,  the  content  of  manganese 
fluoride  in  solution  in  the  solid  phase  present  remained  constant  for  a  period  of  20  hours.  On  further  mixing, 
the  MnF2  concentration  in  the  solution  began  to  go  down  gradually. 

The  measurement  of  the  manganese  fluoride  concentration  in  a  solution  of  the  double  fluoride,  with 
reference  to  the  time  of  mixing,  is  given  in  Table  2. 

TABLE  2 


Measurement  of  MnF^  Concentration  in  a  Solution  of  NH4MnF3  with  Reference  to  Time  of  Mixing 


Time  of  mixing  (in  hours) 

MnF2  in  solution  (%) 

Time  of  mixing  (in  hours) 

MnF2  in  solution  (%) 

10 

0.96 

130 

0.71 

20 

0.96 

150 

0.70 

40 

0.92 

170 

0.70 

50 

0.92 

200 

0.70 

60 

0.88 

210 

0.68 

70 

0.79 

230 

0.68 

100 

0.75 

250 

0.68 

110 

0.71 

290 

0.66 

After  prolonged  reaction  with  water  (about  300  hours),  the  NH4MnF3  appears  in  the  residue  on  roentgeno- 
graphic  and  chemical  analysis  in  presence  of  manganese  fluoride.  In  solutions  containing  ammonium  fluoro¬ 
beryllate,  there  is  no  separation  of  NH4MnF3;  we  came  to  this  conclusion  owing  to  the  constant  composition  of 
the  solution  over  a  period  of  150  hours  mixing. 

The  results  obtained  in  a  study  of  solubilities  in  the  system  (NH4)2BeF4~NH4MnF3“H20  (25®)  are  given  in 
Table  3. 

As  follows  from  the  data  in  Table  3,  on  adding  the  double  manganese  fluoride  to  a  saturated  solution  of 
(NH4)2BeF4,  the  content  of  ammonium  and  beryllium  fluorides  in  the  solution  is  decreased  considerably.  The 
solid  phase  of  these  solutions  (Experiments  1-4)  represents  ammonium  fluoroberyllate.  For  a  composition  of  the 
solution  of  19.31%  NH4F,  12.31%  BeF2  and  0.26%  MnF2.  the  solution  approaches  saturation  also  with  respect  to 
NH4MnF3.  We  arrived  at  a  solution  of  constant  composition  by  adding  ammonium  fluoroberyllate  to  a  saturated 
solution  of  the  double  manganese  fluoride.  Adding  ammonium  fluoroberyllate  brings  about  a  reduction  in  the 
MnF2  concentration  (Experiments  6-14).  The  solid  phase  in  Experiments  6-14  represents  the  double  manganese 
fluoride. 
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TABLE  3 

Composition  of  Solutions  Obtained  on  Reacting  (NH4)2BeF4  and  NH4MnF3 


Expt,  No. 

Composition  (wt,  °fo) 

Mols/1000  mols 
water 

Composition  of 
solid  phase 

NH,F 

BeF, 

MnF. 

H,o 

(NH.kBcF, 

NH.MnF, 

1 

19.72 

12.58 

67.70 

70.72 

2 

19.66 

12.49 

0.12 

67.73 

70.45 

0.34 

3 

19.59 

12.45 

0.19 

67.77 

70.12 

0.53 

4 

19.47 

12.40 

0.25 

67.88 

69.47 

0.71 

5 

19.31 

12.31 

0.26 

68.12 

68.71 

0.73 

(NHtlaBeF*  -H  NH4MnFs 

6 

15.66 

9.94 

0.29 

74.11 

51.07 

0.72 

7 

11.57 

7.32 

0.37 

80.74 

34.31 

0.88 

8 

9.21 

5.85 

0.42 

84.52 

26.18 

0.93 

9 

7.98 

5.01 

0.46 

86.55 

21.83 

1.02 

10 

6.49 

3.98 

0;51 

89.02 

17.04 

1.08 

NH4MnF3 

11 

5.11 

3.15 

0.54 

91.20 

13.17 

1.12 

12 

4.26 

2.58 

0.60 

92.56 

10.59 

1.24 

13 

2.35 

1.35 

0.66 

95.64 

5.34 

1.31 

14 

0.40 

— 

0.96 

98.61 

1.95 

Content  of  (in  Mols/1000  mols 

water) 

Fig.  2.  Solubility  isotherm  of  the 
system  (NH4)2BeF4-NH4MnF3-H20  at 
25* 


In  Fig.  2  are  illustrated  the  solubility  isotherms  of  the 
system  (NH4)2BeF4— NH4MnF3“H20  (  25*).  In  the  diagram  the 
abscissa  represents  the  NH4MnF3  and  the  ordinate  the  (NH4)2BeF4 
content.  In  the  graph  the  scale  along  the  abscissa  is  divided 
into  25ths.  The  isotherm  consists  of  2  branches,  corresponding 
to  the  solid  phases  NH4MnF3  and  (NH4)2BeF4.  In  this  way  the 
ammonium  fluoroberyllate  may  be  crystallized  out  from  solu¬ 
tions  containing  the  double  manganese  fluoride,  NH4MnF3,as 
in  the  system  (NH4)2BeF4-NH4MnF3-H20  (25*)  there  are 
formed,  neither  compounds  between  the  components,  nor  solid 
solutions. 

SUMMARY 

1.  The  solubility  has  been  studied  , in  the  systern 
(NH4)2BeF4-NH4MnF3-H20  at  25*. 

2.  It  has  been  shown  that  in  the  system  there  is  neither 
formation  of  new  compounds  nor  solid  solutions.  The  basic 
phases  of  the  system  are  represented  by  ammonium  fluoroberyllate 
(NH4)2BeF4  and  the  double  manganese  fluoride  NH4MnF3. 
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STUDY  OF  THE  METASTABLE  EQUILIBRIA  BETWEEN  LIQUID  PHASES.  V 


I.  L.  Krupatkin 


In  previous  communications  [1-4],  ternary  systems  were  described  in  which  critical  solution  temperatures 
in  the  metastable  state  almost  reached  those  for  binary  systems.  Further  study  of  metastable  equilibria  between 
liquid  phases  brought  up  the  question  of  the  possibility  of  realizing  triple  critical  solution  points  in  the  meta- 
stable  state  and  if  possible,  the  principles  of  their  formation.  A  solution  of  these  problems  is  the  object  of 
the  present  work. 

In  selecting  systems  for  study,  we  started  from  the  fact  described  in  previous  communications,  that  ternary 
systems  with  metastable  layer  formation  give  similar  types  of  equilibrium  diagrams  between  the  liquid  phases 
as  systems  with  stable  layer  formation.  As  a  result  of  this,  a  ternary  system  oi  the  layer  formation  type  v/as 
sought  on  the  basis  of  similarities  found  in  ternary  systems  with  upper  triple  critical  points  on  the  surfaces  of 
the  stable  layer  formation  [5],  with  calculation  of  the  special  features  of  the  form  of  equilibrium  under  inves¬ 
tigation,  In  this  way,  a  ternary  system,  in  the  binary  part  of  which  chemical  compounds  are  formed,  and  in 
others  (one  or  both),  binary  systems  are  realized  by  the  phenomenon  of  metastable  layer  formation.and  the 
desired  form  of  diagram  of  state  may  be  expected.  With  reference  to  such  a  system,  the  ternary  system  quin¬ 
oline -dijAienylamine -sulfur,  was  selected  for  study. 

EXPERIMENTAL 

For  the  work  we  took  chemically  pure  diphenylamine,  m.  p.  54®,  quinoline,  purified  by  alkali  and 
distilled  off  from  the  selected  fraction,  b.  p.  237*;  the  sulfur  had  been  recrystallized  from  benzene,  m;  p.  117* 
and  therefore  consisted  of  a  mixture  of  the  monoclinic  and  rhombic  forms  [6]. 

Of  the  binary  systems,  made  up  from  the  ternary  system  quinoline -di[Aienylamine -sulfur,  the  system 
sulfur -diphenylamine  has  already  been  described  [5],  In  it,  below  the  crystallization  curve  for  sulfur,  there  is 
a  curve  for  equilibrium  between  the  liquid  phases,  with  an  upper  critical  solution  temperature  of  104*,  corres¬ 
ponding  with  a  32<7o  diphenylamine  content.  Above  the  curve  with  layer  formation  there  is  a  practically  hori¬ 
zontal  portion  of  the  crystallization  curve  for  sulfur  at  105".  The  system  sulfur -quinoline  has  also  been  reported 
in  the  literature  [7]  and  is  similar  to  the  previous  system:  in  it  the  upper  critical  point  corresponds  to  102.5* 
and  26.5%  quinoline  content;  the  practically  horizontal  portion  of  the  crystallization  curve  for  sulfur  is  realized 
at  104,5*.  The  system  diphenylamine -quinoline  was  investigated  in  the  present  work. 

The  system  diphenylamine -quinoline  was  studied  for  fusibility  and  viscosity.  Mixtures  in  this  system 
form  viscous  and  poorly  crystalline  solutions  which  do  not  fuse  with  diphenylamine.  This  investigation  on 
fusibility  was  carried  out  by  two  parallel  methods,  the  Shreder  method  [8]  and  the  method  of  internal  fusion. 

For  carrying  out  the  method,  the  ampoule  containing  the  mixture  was  drawn  out  firmly  to  a  tip.  Instead  of 
being  sealed.  On  shaking  up  the  ampoule,  the  drop  of  mixture  which  had  collected  in  it,  froze.  Throughout 
the  period  of  cooling,  the  ampoule  was  vigorously  shaken  in  order  to  distribute  the  liquid  in  contrast  with  the 
solidified  clot,  which  played  the  part  of  a  primer.  The  results  obtained  by  both  methods  agreed  within  the 
limits  of  experimental  error.  The  figures  obtained  for  the  material  are  given  in  Table  1  and  the  fusion  curves 
are  illustrated  in  Fig.  1,  a.  As  seen  from  the  data  obtained,  two  compounds  are  formed  between  quinoline  and 
diphenylamine,  corresponding  with  the  molecular  proportions  1: 1  and  5:3.  The  first  of  these  melts  congruently 
at  41.0*  and  contains  43,29%  quinoline,  the  second  compound  melts  at  37.0*  incongruently  and  contains  55.99% 
quinoline;  thus  this  latter  melting  point  corresponds  to  the  transition  point  E.  The  eutectic  point  found,  e 
corresponds  to  32*  and  25%  quinoline..  Mixtures  with  quinoline  contents  greater  than  80%  were  not  capable  of 
crystallization. 
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TABLE  1 


T  A  in,  E  2 


Equilibrium  in  the  System  Diphenyl - 
amine  -Quinoline 


Quinoline 
(wt.  %) 

Crystallization 
Temp. ,  *C 

0.00 

54® 

10.00 

46 

20.00 

38 

22.19 

35 

25.87 

34 

31.07 

39 

37.95 

41 

42.46 

41 

50.00 

39 

55.31 

37 

60.88 

36 

64.18 

34 

69.98 

29 

75.08 

24 

80.24 

15 

Vis(H>sity  in  the  System  Diphenyl 
amine  -(}ulnoline  at  50* 


Quinoline 
(wt.  <^o) 

Viscosity 

(centipolses) 

20.19 

5.848 

30.96 

5.676 

40.00 

5.521 

43.28 

5.470 

45.00 

5.203 

46.67 

4.902 

50.00 

4.558 

54.00 

4.561 

56.12 

4.558 

60.39 

4.145 

65.00 

3.610 

70.17 

3.199 

A  study  of  the  viscosity  was  carried  out  in  a  capillary  viscosi- 
^(rentJpcibes)  .  meter  by  the  usual  method  [9].  The  viscosity  of  the  mixture  was 

measured  at  50*.  i.  e.,  on  die  one  hand  as  near  as  possible  to  the  melt¬ 
ing  points  of  the  compoinds  described  and  on  die  other  hand  at  a 
sufficiently  high  temperature  for  crystallization  of  diphenylamine 
not  to  hinder  the  measurement  at  a  high  internal  concentration.  The 
figures  obtained  are  given  in  Table  2  and  the  viscosity  isotherms  are 
represented  in  Fig.  1,  b.  As  Fig.  1,  b  shows,  there  are  two  breaks  in 
the  viscosity  isotherms,  located  between  the  viscosity  values  of  the 
components;  both  these  points  correspond  to  the  composition  of 
compounds  formed  on  fusion  and  their  formation  and  presence  are 
confirmed  in  the  liquid  {^ase. 

The  ternary  system  quinoline -difrfienylamine -sulfur  was 
investigated  by  the  polythermal  layer  formation  method  of  V.  F. 

Fig.  1.  Fusibility  (a)  and  viscosity  Alekseev  [10]  in  sealed  glass  ampoules  in  an  oil  thermostat  and  partly 

(b)  in  the  system  diphenylamine—  by  fusion.  For  this,  sections  were  studied  through  the  prism  of  the 

quinoline.  ternary  system  going  from  the  sulfur  edge  to  the  side  of  the  binary 

system  quinoline -diphenylamine.  In  all,  8  such  sections  were  studied, 
with  quinoline  contents  of  20.0,  30.0,  40.0,  43.3,  50.0,  56.0,  60.0  and  SO.Ot^o.  On  studying  the  fusibility,  it  was 
found  that  with  incretising  quinoline  content  from  section  to  section,  and  with  increase  in  sulfur  content  in  each 
section,  crystallization  became  all  the  more  difficult.  In  view  of  this,  practically  the  complete  sulfur  crystalli¬ 
zation  curve  was  studied  only  in  the  first  section  with  20.0<7o  quinoline;  in  the  remaining  sections,  part  of  the 
sulfur  crystallization  curve,  beginning  at  AQPjo,  could  not  be  obtained.  Nevertheless,  on  accidental  spontaneous 
crystallization  of  the  compounds  which  separated,  at  a  concentration  interval  of  the  layer  formation,  among  them 
in  each  section  were  located  mixtures  which  crystallized  at  much  higher  temperatures  than  the  critical  point  of 
mixture  in  the  liquid  phase  section.  Crystallization  of  quinoline  and  diphenylamine  in  the  ternary  system  was 
not  studied.  Figures  relating  to  the  sections  are  given  in  Table  3  and  examples  of  the  polytherms  are  illustrated 
in  Fig.  2,  where  Fig.  2,  a  corresponds  to  the  first  section  \\rith  a  complete  sulfur  crystallization  curve  (Cr)  and 
Fig.  2,  b  corresponds  to  the  sixth  section,  a  curve  situated  very  high  with  layer  formation.(Ra). 
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Fig.  2.  Examples  of  polythermal  sections  of  the  prism  of  the  system  quinoline  - 
diphenylamine  -sulfur. 

The  results  of  the  investigation  show  that  the  polytherms  of  the  ternary  system  do  not  differ  qualitatively 
from  the  polytherms  of  binary  system.s  with  layer  formation.  In  a  metastable  liquid,  the  state  of  solubility  of 
sulfur  in  mixtures  of  amines  depends  to  an  extent  several  times  greater  on  temperature  than  the  solubility  of 
amines  in  sulfur;  in  this  case,  with  increase  in  temperature  the  solubility  of  the  liquid  phase  increases  up  to  com¬ 
plete  displacement.  As  a  result  of  this  the  polythermal  layer  formation  has  maxima  displaced  to  the  sulfur  side. 

The  solubility  of  solid  sulfur  varies  slightly  with  temperature  at  low  temperatures  up  to  100-110®,  the  solubility 
temperature  coefficient  being  markedly  increased;  therefore  the  crystallization  curve  has  a  very  sloping  part 
belov/  the  layer  formation  curve. 

If  a  critical  line  is  passed  through  the  critical  solution  points  cf  the  binary  system  formed  by  sulfur  and  the 
maximal  points  of  the  pol.ytherm  of  layer  formation,  then  its  projection  to  the  edge  of  the  binary  system  difiienyl- 
amine -quinoline  will  have  the  form  represented  in  Fig.  3,  curve  K1AKK2.  Beginning  with  the  binary  system 
sulfur— diphenylamine,  the  critical  solution  temperatures  in  the  sections  slowly  increase  up  to  the  section  with 
a  composition  of  the  compound  with  proportions  1: 1  (point  A).  Beginning  with  this  section,  a  rise  in  temperature 
takes  place  much  more  quickly  and  reaches  a  maximum  figure  of  109*  in  the  section  with  composition  of  the 
compound,  ratio  5  :3  (point  K)  and  then  suddenly  goes  down.  Already  this  variation  in  temperature  shows  that 
both  compounds  of  the  prevailing  system  diphenylamine -quinoline  are  reflected  in  the  critical  line  and  that  on 
the  surface  of  layer  formation  of  the  ternary  system  there  is  realized  a  singular  line  and  an  upper  critical  point. 

With  the  poly  therms  obtained,  the  solubility  isotherms  of  the  solid  and  liquid  phases  of  the  ternary  system 
quinoline -diphenylamine -sulfur  were  constructed  and  are  illustrated  in  Fig.  4.  In  all,  6  isotherms  with  layer 
formation  were  constructed  for  80,  90,  100,  105,  107  and  109®;  they  are  shown  in  Fig.  4,  a,  from  which  it  is 
seen  that  the  surface  of  layer  formation  of  the  ternary  system  presents  its  own  single  surface  linked  v/ith  ±e 
surface  of  the  ruptured  solubility  of  the  tv/o  binary  layered  systems.  On  this  surface  there  is  a  synclinal  singular 
edge  corresponding  to  the  binary  system  diphenylamine -quinoline  and  a  compound  with  a  molecular  ratio  of 
1 : 1  with  its  own  type  of  formation;  for  this,  singular  points  were  discovered  on  the  enclosed  isotherm  of  the 
layer  formation. 

Beginning  at  104®,  i.  e.,  at  the  critical  solution  temperature,  with  the  binary  system  sulfur  -diphenylamine, 
the  isotherms  with  layer  formation  are  situated  enclosed  by  the  minima  of  the  reciprocal  solubilities  of  the  liquid 
phases  of  sulfur  admixed  with  amine  and  with  two  singular  points;  at  the  very  highest  temperatures,  the  isotherms 
decrease  and  at  109®  are  displaced  to  the  upper  triple  critical  point  K.  The  latter  rises  not  much  above  the  rest  of 
the  surface;  together  with  the  minimum  solubility  it  lies  in  the  section  corresponding  to  the  binary  system  diphenyl¬ 
amine— quinoline,  with  a  composition  of  the  compound  with  a  ratio  of  5:3  and  at  the  same  time  its  formation  is 
established  at  the  minima  shown.  The  upper  triple  critical  point  is  situated  at  the  composition  65.CK7o  sulfur, 

19.6%  quinoline  and  15.4%  diphenylamine.  The  formation  of  this  upper  critical  point  is  stipulated  by  the  forma¬ 
tion  in  the  prevailing  system  diphenylamine— quinoline,  of  the  chemical  compound  composition  5:3,  with  its 
organic  solubility  in  the  third  component  sulfur,  and  stable  in  the  liquid  phase  to  109®.  In  this  way  the  reasons 
for  the  formation  of  the  upper  triple  critical  points  are  the  same  for  the  stable  and  the  metastable  states. 
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TABLE  3 

Polytherms  of  tlie  System  Quinoline  — Diphenylamine  “Sulfur 


Wt.  %  of 
sulfur 

Tern 

perature 

Wt,  ^  of 
sulfur 

1  Temperature 

crystalliza¬ 

tion 

layer  forma¬ 
tion 

crystalliza¬ 

tion 

layer  forma¬ 
tion 

Section  1 

:  2ff*lo  Quinoline  80”/© 

Section  2:  30%  Quinoline  70% 

Diphenylamine 

Diphenylamine 

9.99 

65 

— 

10.00 

66.0 

— 

20.07 

90 

— 

20.00 

89.0 

— 

30.03 

102.5 

82.0 

30.07 

103.0 

76 

40.02 

104.5 

92.0 

39.78 

110.0 

92 

50.00 

106.5 

102.0 

50.00 

— 

102 

55.07 

107.5 

104.5 

60.00 

— 

107 

58.04 

108 

106.0 

70.05 

— 

108 

60.00 

— 

107.0 

80.00 

— 

105 

69.99 

— 

107.0 

90.00 

— 

94 

80.01 

— 

105.5 

90.03 

— 

92.0 

Section  3:  40%  Quinoline  60% 
Diphenylamine 


Section  4:  43.3%  Quinoline  56.7% 
Diphenylamine 


9.90 

65 

— 

12.00 

70 

— 

20.23 

90 

— 

20.00 

88 

— 

29.99 

104 

74 

30.07 

103 

76 

39.73 

112 

90 

39.76 

— 

90.5 

52.24 

_ 

103 

50.00 

— 

101.5 

60.00 

— 

107 

60.00 

— 

107 

70.04 

— 

108 

69.87 

— 

108 

79.97 

1  _ 

105 

80.00 

— 

105 

89.99 

_ 

89 

84.88 

— 

100 

90.00 

— 

92 

Section  5:  50%  Quinoline  50% 

Diphenylamine 


Section  6:  56%  Quinoline  44% 

Diphenylamine 


10.01 

63 

— 

20.27 

89 

— 

30.11 

103 

79 

41.23 

— 

94 

50.00 

— • 

103 

60.05 

— 

109 

70.09 

— 

109 

80.00 

— 

106.5 

90.07 

— 

93 

10.00 

60 

_ 

20.00 

88 

— 

30.00 

92 

79 

40.00 

— 

95 

50.00 

— 

103 

60.36 

— 

109 

70.05 

— 

109 

80.00 

— 

105 

90.00 

— 

95 

Section  7;  60%  Quinoline  40% 
Diphenylamine 


Section  8:  80%  Quinoline  20% 

Diphenylamine 


10.76 

68.5 

_ 

9.97 

62 

— 

19.66 

89 

— 

20.11 

86 

— 

25.06 

97 

— 

25.08 

92 

— 

30.21 

101.5 

78 

30.07 

96 

77 

39.82 

_ 

92 

39.78 

102.5 

92 

47.63 

_ 

101 

50.13 

105 

98 

59.59 

— 

108 

59.76 

— 

103 

70.52 

— 

108 

68.51 

— 

103 

80.06 

_ 

105 

80.03 

— 

101.5 

90.13 

93 

88.22 

97 
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Fig.  3.  Projection  of  critical  line. 


Nevertheless,  the  conditions  for  the  formation  of 
ternary  systems  of  this  type  will  differ  from  those  for  systems 
with  stable  layer  formations;  and  it  is  necessary  here,  in 
order  to  have  in  the  binary  systems  obtained  (one  or  two) 
a  metastable  liquid  phase  equilibrium. 

In  Fig.  4,  a,  besides  the  layer  formation  isotherms, 
projections  are  shown  of  the  critical  line  KiAKK2  for  the 
composition  triangle.  In  it  a  compound  with  the  ratio  1 : 1 
is  illustrated  In  the  form  of  the  singular  point  A,  correspond¬ 
ing  to  108*  and  the  higher  point  of  a  singular  edge  depicted 
with  a  compound  of  composition  5:3,  in  the  form  of  an 
inflection  point  K,  corresponding  with  the  upper  triple  criti¬ 
cal  point. 


Fig.  4.  Isotherms  with  layer  formation  (a)  and  crystallization  (b)  in  the  system 
quinoline  — diphenylamine  -sulfur. 


In  Fig.  4,  b,  the  solubility  isotherms  are  illustrated  of  solid  sulfur  in  the  system  quinoline —diphenylamine 
sulfur  at  70,  80,  90,  95  and  100*.  Each  isotherm  presents  a  minimum  curve  with  a  strongly  diffused  solubility 
minimum  which  is  clearer  with  increasing  temperature,  when,  at  the  same  time  the  branch  isotherms  approach 
each  other.  This  fact  and  the  spontaneous  crystallization  of  sulfur  in  the  sections  described  above,  illustrates 
the  fact  that  the  surface  of  crystallization  of  sulfur  in  the  prism  of  the  ternary  system  must  have  predominance. 


Fig,  5.  General  view  of  temperature -concen¬ 
tration  prism  of  system  quinoline -dljAienyl- 
amine -sulfur. 


passing  along  the  section  through  the  sulfur  edge  between 
the  edges  of  the  two  binary  layer -formation  systems. 

This  result  is  brought  about  naturally  and  is  in  agreement 
with  the  relevant  experimental  facts.  Actually,  earlier 
[1],  there  was  described  the  close  relationship  between 
metastable  layer  formation  and  crystallization  and  their 
mutual  effect  on  each  other.  Externally  this  effect  is 
shown  by  the  fact  that  the  curves  and  surfaces  of  layer 
formation  and  crystallization  have  a  common  course. 
Thus,  if  the  surface  of  metastable  layer  formation  has  a 
saddle-shaped  point,  the  surface  of  crystallization  above 
It  displays  concavity.[3].  A  similar  effect  of  the  common 
course  is  also  displayed  between  the  isotherms  of  stable 
layer  formation  and  crystallization  [11].  In  this  way  it  Is 
natural  that  the  presence  in  the  ternary  system  in  the 
metastable  state,  of  upper  critical  points,  corresponds  to 
the  concavity  mentioned  above,  of  the  crystallization 
surfaces. 
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The  mutal  arrangement  of  all  the  geometric  elements  of  the  diagram  is  seen  in  Fig.  5  where  the  usual 
qualitative  forms  of  the  temperature -concentration  prisms  of  die  system  quinoline -diphenylamine —sulfur, 
are  illustrated,  components  being  denoted  at  the  corners  by  the  first  letters  of  their  names.  Here,  the  surfaces 
of  metastable  equilibrium  between  the  liquid  phases  1,  3,  4,  6,  Kj,  K,  K{  have  a  singular  edge,  2,  A,  5  with  a 
surface  triple  critical  point  K;  7,  8,  9  are  the  surfaces  of  crystallization  of  sulfur,  with  a  minimum  B. 

SUMMARY 

1.  The  binary  system  diphenylamine -quinoline  has  been  studied,  with  reference  to  fusibility  and  viscosity. 
In  it  two  chemical  compounds  are  formed  with  molecular  proportions  of  quinoline  arid  diphenylamine  1 : 1  and 
5:3  respectively;  the  first  of  these  compounds  melts  congruently  and  the  second,  incongruently.  . 

2.  The  ternary  system  diphenylamine— quinoline— sulfur  has  been  studied  with  reference  to  layer  formation, 
partly  with  reference  to  fusibility.  In  It  the  surface  of  the  metastable  layer  formed  has  aasynclinal  singular 

edge  and  an  upper  triple  critical  point.  The  layer  formation  surface  of  the  ternary  system  is  linked  with  a 
flattening  of  the  ruptured  solubility  of  the  two  binary  systems  with  layer  formation. 

3.  It  is  explained  that  the  formation  of  upper  triple  critical  points  on  the  surfaces  of  layer  formation  both 
for  the  stable  and  the  metastable  states  is  due  to  the  same  reasons.. 

4.  In  the  ternary  system  studied,  on  the  closed  isotherms  with  layer  formation,  singular  points  were 
established.  It  has  been  found  that  the  formation  of  chemical  compounds  in  the  prevailing  binary  system  is 
reflected  in  the  critical  line  of  the  ternary  system. 
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PHYSICOCHEMICAL  STUDY  OF  THIOCYANATE  COMPLEXES  OF  SILVER 


A  .  M  .  Golub 


Thiocyanate  compounds  resemble  halides  in  many  respects  and  therefore  thiocyanate  ions  have  come  to 
bear  the  name  pseudo-halides.  On  elucidating  the  general  chemical  properties  of  the  thiocyanate  ion,  its 
resemblance  to  the  halide  ion  is  indicated  in  one  of  the  basic  properties,  on  comparing  the  capacity  of  these 
ions  to  form  complexes.  A  study  of  thiocyanate  complexes  is  of  interest  both  from  the  practical  point  of  view  as 
vrell  as  with  reference  to  their  use  in  analysis  and  sometimes  in  the  electrolytic  separation  of  metals. 

The  chemistry  of  thiocyanate  complexes  begins  its  history  with  the  first  decades  of  the  previous  century. 
Silver  thiocyanate  was  obtained  for  the  first  time  by  Porret  [1]  by  means  of  an  interchange  reaction.  With 
reference  to  the  double  thiocyanates  of  silver  salts,  their  study  was  begun  practically  100  years  later.  Gellwig 
[2]  established  first  the  increased  solubility  of  AgCNS  in  thiocyanate  solutions  of  the  alkali  metals.  In  1902, 
Wells  [3],  on  the  basis  of  silver  thiocyanate,  isolated  molecular  compounds  of  three  types,  Me3Ag(CNS)4, 
Me2Ag(CNS)3  and  MeAg(CNS)2,  where  Me  is  the  cation  K"*"  or  Cs^.  There  have  also  been  indications  of  the 
existence  of  a  double  thiocyanate  of  composition  (NH4)5Ag(CNS)6  [4].  Foot  [5],  studying  the  double  thiocyanates 
of  silver,  arrived  at  the  result  that,  at  25®,  of  the  complexes  mentioned  above,  only  the  two  latter  were  stable. 
The  salt  of  composition  Me3Ag(CNS)4  according  to  the  data  of  this  investigator,  is  easily  decomposed  to 
Me2Ag(CNS)3  and  potassium  thiocyanate.  Foot’s  result  was  based  on  measurements  of  the  heat  of  solution  of 
complex  salts  and  their  components.  Although  crystals  of  the  salt  Me3Ag(CNS)4  decompose,  in  the  case  of  a 
simpler  constitution  it  may  not  be  possible  to  demonstrate  that  corresponding  complexes  can  be  formed  in  solu¬ 
tion,  composed  of  4  thiocyanate  ions  to  1  silver  ion.  Foot  also  studied  the  interaction  of  silver  thiocyanate  and 
potassium  thiocyanate,  determining  the  solubility  of  AgCNS  in  solutions  of  KCNS.  Knowing  the  original  amount 
of  water,  AgCNS,  and  KCNS,  from  the  analytical  data  of  the  solution,  he  drew  conclusions  on  the  composition  of 
the  solid  phase  in  equilibrium  systems.  From  the  results  of  his  work.  Foot  concluded  that  the  salt  K3Ag(CNS)4 
is  not  stable  in  the  presence  of  heat  and  can  only  exist  at  low  temperatures  [6].  Ormont  [7],  speaking  of  the 
molecular  silver  thiocyanates,  indicates  only  one  of  them,  viz.  KAg(CNS)2.  Many  authors  suggest  that  double 
thiocyanate  complexes  are  only  capable  of  formation  in  solution  [4].  Kirsohnei  [8]  studied  the  solubility  of 
AgCNS  by  measuring  the  emf  of  the  substance: 

AgjO.lN  AgNO3|NH4NO3j0.1  N  KCNS,  AgCNSlAg, 

at  18  and  25".  This  investigator  found  thi-t,  with  a  0.1  N  solution  of  potassium  thiocyanate  only  Ag(CNS)J 
groups  can  be  formed.  Krischner  also  showed  that  the  amount  of  the  complex  is  300  times  less  than  the  concen¬ 
tration  of  the  thiocyanate  ion  in  the  solution  under  test.  With  reference  to  the  character  of  the  formation  of 
complex  thiocyanates  of  silver  in  solution,  the  results  of  Randall  and  Halford  attempted  to  deal  with  this  and 
they  determined  the  solubility  of  AgCNS  in  0.312-1.124  M  solutions  of  KCNS  [9].  Assuming  that  Ag(CNS)2  ions 
must  be  formed  in  solution,  they  attempted  to  calculate  the  equilibrium  constant  of  the  reaction: 

AgCNS  -I-  CNS-  Ag(CNS)r. 


Since  this  amount  has  been  shown  to  be  variable  for  the  KCNS  concentrations  investigated,  the  author  came 
to  the  conclusion  that  the  reaction  proceeds  more  completely  than  might  be  expected  in  accordance  with  the 
equation  indicated.  In  1936,  thiocyanate  complexes  of  silver  were  studied  by  Ferrel,  Ringion  and  Riley  [10]. 
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Oil  rhc  basis  t)f  p^irentioiTietric  measurements,  these  aiitliors  calculated  the  solubility  constants  of  the  complexes, 
assnmiiif;^  different  values  for  die  coordination  numbers,  rroin  the  data  obtained  by  tiiem,  there  very  probably 
existed  a  complex  Ag(C^NS).-J"*.  It  is  true  that  the  authors  did  not  deny  the  existence  of  simpler  complexes  of  the 
group,  ('if  recent  investigations  on  the  study  of  diiocyanate  complexes  of  silver,  there  may  be  mentioned  the 
work  of  Cave  and  Hume  [11].  Cave  and  Hume  measured  the  solubility  of  AgCNS  in  0.005*2.252  M  solutions  of 
KCNS  for  solutions  of  constant  ionic  strength.  Observing  the  variation  in  solubility  of  AgCNS  with  increased 
concentration  of  thiocyanate  ions,  the  authors  maintained  that,  in  the  solutions  studied,  three  forms  of  complexes 
are  produced,  namely,  AgfCNS)^,  Ag(CNS)3*  and  Ag(CNS)J‘’.  The  authors  calculated  the  solubility  product  of 
AgCNS  and  die  stability  constants  of  the  complexes.  The  results  of  Cave  and  Hume  drew  attention  to  themselves 
since  tiiey  disagreed  noticeably  with  the  results  of  other  investigators.  The  majority  of  authors  who  have  studied 
the  system  Ag"*”  — CNS‘— H^O,  indicate  the  instability  of  the  simplest  silver  complexes.  Cave  and  Hume  assumed 
that  the  ions  Ag(CNS)4^  are  already  formed  at  thiocyanate -ion  concentrations  in  the  solution  below  0.4  g-ion  per 
liter.  With  reference  to  high  concentrations  of  complex  formation,  these  investigators  speak  of  the  probable 
formation  of  polynuclear  complexes  of  the  type  AgsfCINSls®. 

In  this  way  the  problem  of  the  composition  of  thiocyanate  complexes  of  silver  in  concentrated  solutions 
of  alkali  metals,  has  not  been  solved  completely.  Also,  the  influence  of  temperature  and  nature  of  solvent  is 
still  vague.  The  present  work  was  carried  out  with  the  object  of  filling  the  gap  indicated. 

Composition  and  Stability  of  Thiocyanate  Complexes  in  Aqueous  Solution 

It  is  obvious  that  very  complete  determinations  of  the  character  of  the  reaction  between  silver  ions  and 
thiocyanate  ions  may  be  obtained  only  in  a  physicochemical  study  of  equilibrium  systems  composed  of  the  ions 
indicated  and  solvents  in  which  complex  formation  is  produced.  In  this  way  the  dependence  of  the  complex 
formation  on  different  external  conditions  may  be  traced  and  a  qualtitative  determination  made. 

A  study  of  thiocyanate  complexes  of  silver  was  carried  out  by  us  by  two  methods,  potentiometrically  and 
by  the  method  of  solubility  determination.  The  measurement  of  the  potential  of  the  silver  electrode  and  also  the 
determination  of  the  solubility  of  AgCNS  in  medium  and  high  concentration  fields  of  complex  formation  was 
carried  out  by  us  for  constant  ionic  strength  of  the  solutions.  For  this,  we  introduced  into  the  solutions  studied, 
potassium  nitrate,  in  such  an  amount  that  the  molar  sum  of  KCNS  and  KNO3  in  all  cases  was  exactly  the  same. 

In  the  potentiometric  measurements,  we  started  with  solutions  of  AgNOs,  the  concentration  of  which  was  constant 
(0.01  M),  in  the  mixtures  investigated.  The  KCNS  concentration  varied  from  0.6  to  1.8  M.  For  the  preparation 
of  the  initial  solutions,  KCNS,  chemically  pure  grade  and  previously  recrystallized,  was  used.  The  carefully 
dried  salt  was  melted  gently  for  5-10  minutes,  in  order  to  remove  occluded  moisture  [12].  After  cooling  off,  the 
amount  of  salt  required  for  the  preparation  of  the  solution  was  weighed  out  on  analytical  balances.  The  salts 
AgNOs  and  KNO3,  used  in  the  work,  were  the  chemically  pure  grade. 

The  ranges  investigated  had  the  following  form: 

Ag  1  AgNOg,  KCNS,  KNO3  1  KNO3 1  KCl,  HsraClg  I  Hg. 

0.01  M  X  M  (1.8  —  x)  M  Dry  Dry 

The  measurements  of  emf  were  carried  out  by  the  compensated  method  in  a  type  PPTV-1  potentiometer 
with  the  aid  of  a  mirror  galvanometer  GEP-47. 

Each  substance  was  kept  in  a  thermostat  until  a  significant  resistance  of  the  electrode  potential  could  no 
longer  be  detected. 

All  the  calculations  were  carried  out  in  exactly  the  same  way  as  for  the  study  of  icxlide  complexes  of  silver 
[13].  The  composition  of  the  complexes  in  solution  was  determined  from  the  tangent  of  the  angle  of  slope  of 
the  suaight  line,  expresses  by  the  relationship: 

[Ag(CNS)ir"]  , 

log-^^ - [Apl - =  '^og[CNS  1— logK. 
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Mens)'- 


The  results  of  our  measurements  at  20*  are  given  in  Fig.  1  and  Table  1. 


Table  i 


KCNS  con¬ 
centration 
(M) 

logIKCNS] 

^Ag'Ag'^ 

(V) 

[a,<cns4-”] 

^  [Ag-*-! 

[Ag(CNS)^  ] 

0.6 

—0.2218 

-1-0.4155 

—0.1426 

9.6110 

2.41 

0.8 

—0.0969 

—0.1686 

10.0602 

2.90 

1.2 

-*-0.0192 

-0.2115 

10.7970 

2.59 

1.4 

-4-0.1461 

-0.2272 

11.0689 

2.92 

1.6 

-4-0.2041 

-0.2427 

11.3339 

2.75 

1.8 

-4-0.2553 

—0.2520 

11.4940 

3.08 

2.1758 

-4-0.3377 

—0.2717 

11.8348 

3.04 

Note:  1.  In  all  the  results  the  coordination  number  m  =  4. 

2.  Values  for  the  potentials  are  given  against  a  saturated  calomel  electrode. 

As  seen  from  Fig.  1,  the  inclination  of  the  straight  line  to  the  axis  log[CNS“]  indicates  the  formation  of 
a  complex  with  coordination  number  m  =  4.  In  the  last  column  of  Table  1  the  values  for  dissociation  constants 
of  Ag(CNS)4^  complexes  are  given,  calculated  according  to  the  formula 


[Ag+l  ([KCNSltot.  -  ^  [Ag(CNSUl)* 

[AgJtot.  —  [Ag'*'] 


In  previous  investigations  of  KCNS  concentration,  we  found  the  figure  of  2.86  •  10"^  for  the  dissociation 
constant  of  AgfCNS)^’.  This  value  is  2.5  times  less  than  that  obtained  by  Cave  and  Hume  [11].  It  is  true  that 
the  investigations  mentioned  were  carried  out  at  25"  and  not  at  20*. 


Fig.  1.  Study  of  the  system 
Ag+  -  CNS  -  HjO  at  20". 


The  composition  of  the  thiocyanate  complex  of  silver  was  also 
determined  at  20"  by  the  solubility  method.  For  this,  a  series  of  KCNS 
solutions  were  prepared  from  0.1  to  1.0  M.  Into  these  solutions  dry 
AgCNS  was  introduced  until  saturated.  We  obtained  silver  thiocyanate 
by  mixing  solutions  of  AgNO?  and  KCNS.  The  precipitated  AgCNS,  after 
filtration  and  careful  washing,  was  dried  in  a  desiccator  over  calcium 
chloride.  The  reaction  mixtures  were  kept  in  closed  flasks  for  about  two 
days  with  frequent  shaking.  Dissolution  of  silver  thiocyanate  in  these 
proceeded  according  to  the  equation: 


AgCNS  -4-nCNS- Ag(CNS);;:;!i .  (D 

solid 


From  the  quantitative  point  of  view,  this  reaction  is  characterized  by 
constant  equilibrium; 


[Ag(CNS)7^,] 
ICNS-J"  ’ 


or,  in  the  polarographic  form 


log  [Ag(CNS)„4!i]  =log[CNS  1  —  rtlogKs, 
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where  the  angle  coefficient  n,  for  existence  of  one  of  tlie  complexes  in  a  given  interval  of  concentration  of 
complex  formation,  has  one  definite  value. 

In  the  graphical  representation  there  is  just  as  much  dependence;  instead  of  the  concentration  of  free 
CNS'  ions,  the  total  potassium  tliiocyanate  concentration  in  the  system  studied  may  be  taken,  since  the  differ¬ 
ence  between  their  polarograms  is  very  small. 

The  concentration  of  AgfCNS)^*^^  l  ions  was  determined  from  the  amount  of  silver  found  in  equilibrium 
solutions.  Ag  was  determined  gravimetrically  by  precipitating  with  carbon  disulfide.  Ag2S  precipitates,  after 
weighing,  were  carefully  washed,  first  with  water,  then  alcohol,  ether,  carbon  disulfide,  then  again  with  alcdiol 
and  ether  and  dried  at  90*. 

The  results  obtained  are  given  in  Table  2  and  Fig.  2, 

The  solubility  metlmd  permits  us  to  obtain  results  on  the  predominant  formation  of  Ag(CNS)4^  complexes 
in  solutions  with  a  sufficiently  large  excess  of  thiocyanate  ions.  The  equilibrium  constants  were  calculated  on 
the  basis  of  the  solubility  data; 


'[Agr(CNS)r"J  _ 

^  “  {[KCNSJtot. ‘ 


TABLE  2 


KCNS  con¬ 
centration 
(M) 

log  [KCNS] 

Wt.  AgjS  per 
40  ml  sol. 

10g[A*<CNS)-:;.,] 

[Ag(CNS)r] 

,  |akcns^] 

^S.  [CNS-f 

''S.  [CNS-p 

1.0 

0 

0.3760 

-1.1153 

0.160 

0.102 

0.7 

—0.1549 

0.1616 

—1.4867 

0.150 

0.081 

0.6 

—0.2218 

0.1054 

—1.6723 

0.138 

0.068 

0.5 

—0.3010 

0.0648 

—1.8836 

0.134 

0.058 

0.3 

—0.5229 

0.0160 

—2.4910 

0.132 

0.037 

0.2 

-0.6990 

0.0056 

—2.9469 

0.149 

0.029 

Note:  From  the  slope  of  the  line,  (Fig.  2)  within  the  limits  of  concentration  ot  complex 
formation  studied,  the  slope  coefficient  n  =  3. 


Completely  satisfactory  constancy  of  this  constant  also  indicates  the  benefit  of  the  existence  of  Ag(CNS)J^ 
groups  under  the  given  conditions.  The  average  value  for  the  equilibrium  constant  is  equal  to  0.145.  For 
comparison,  the  values  are  also  given  in  Table  2.  of  the  equilibrium  constants  K’s  which  have  been  calculated 
allowing  for  the  formation  of  Ag(CNS)3*  complexes.  Then,  as  in  the  first  case,  two  very  different  values  vary 
by  less  than  1.5  times,  for  K’s  the  extreme  values  in  the  series  exceed  one  another  by  3-4  times. 

On  the  basis  of  the  data  obtained  in  a  study  of  the  formation  of  thiocyanate  complexes  of  silver  by  the 
solubility  method,  apart  from  AgfCNS)^*,  there  are  formed  simultaneously  with  it,  in  the  system  investigated, 
more  simple  groups  than  the  large  ones  and  in  this  case  the  large  excessof  thiocyanate  ions,  with  respect  to  the 
silver  taken,  was  not  attained. 


Using  the  values  Kj  and  K4  which  were  obtained,  we  also  calculated  the  solubility  product  (SP)  of  AgCNS. 
For  this,  the  SP  of  the  salt  was  determined  repeatedly,  the  values  found  varying  within  the  limits  1.14*  10"^^  to 
6.8*  10"^  [7].  Cave  and  Hume  found  a  figure  for  the  SP  equal  to  6.75  •  10*^^ 


If  the  expression  for  the  constant  K4 


[Ag^^l[CNS-l* 

[AglCNSjr^’l 


and  Ks 


[Ag(CNS):^] 

[CNS-p 


transposing 


we  obtain 
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/^4*Ks=lAg+][CNS-l=SP. 


log  [CNS-] 


Fig,  2.  Study  of  the  system 
AgCNS-KCNS-H^O  by  the 
solubility  method. 


It  follows  that  the  SP  of  AgCNS  is  equal  to  4,14*  10“^^  Outvalue 
was  ~  4  times  greater  than  the  very  high  values  cited  elsewhere  but  1.5 
times  less  than  the  value  obtained  by  Cave  and  Hume  [11]. 

The  Influence  of  Temperature  on  Thiocyanate  Compl e xes 
of  Silver  in  Solution 

As  already  discussed,  some  authors  have  stated  that  Ag(CNS)4^.  on 
account  of  its  low  thermal  stability  at  room  temperature  would  not  be 
formed  [4].  However,  such  a  result,  as  we  have  already  shown,  does  not 
correspond  to  the  facts.  In  order  to  obtain  a  more  complete  characterization 
of  the  thermal  stability  of  the  Ag(CNS)4^  complex,  we  carried  out  potentio- 
rnetric  measurements  in  the  system  Ag^  -  CNS"  -  H2O  at  20,  40  and  60*. 

The  data  for  the  potentiometric  measurements  at  40  and  60“  are 
seen  respectively  in  Tables  3  and  4.  The  composition  of  the  complexes  in 
these  cases  was  also  determined  by  a  graphical  method  (Figs.  3  and  4). 


\6g[CNS'] 


Fig.  3.  Study  of  the  system 
Ag+  -  CNS"  -  HjO  at  40". 


Fig.  4.  Study  of  the  system 
Ag+  -  CNS"  -HjO  at  60". 


From  Fig,  3  it  is  easily  established  that  at  40",  as  well  as  at  20"  in  the  field  of  high  concentrations  of 
complex  formation,  mainly  Ag(CNS)4^  complexes  are  formed.  This  is  also  indicated  by  the  fairly  good  stability 
of  the  dissociation  constant  of  this  complex  in  a  broad  concentration  interval  of  CNS  ions  (Table  3).  The  average 
value  for  the  dissociation  constant  at  40"  is  equal  to  3.56  •  10"^°. 

In  Table  4  the  results  are  given  of  a  study  of  our  system  at  60".  In  the  last  column  here  the  values  for  the 
dissociation  constant  of  Ag(CNS)3^  are  given  side  by  side  with  Ag(CNS)X^  in  the  quantity  foumed  under  the  given 
conditions.  Calculated  according  to  the  slope  of  the  straight  line 

log  =ral0!jCNS-l  -log/r. 


the  coefficient  m  =  3,4  and  not  4  as  is  the  case  for  20  and  40*. 
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TABLE  3 


KCNS  con¬ 
centration 
(M) 

logKCNSl 

(V) 

log  (A«(CNS)i,-'"] 
[Aj+J 

AT, .  lO*" 

0.6 

—0.2218 

-♦-0.4033 

—0.1267 

8.5346 

2.87 

0.8 

—0.0969 

-0.1566 

9.0161 

3.22 

1.2 

-♦-0.0792 

—0.1986 

9.6924 

3.68 

1.4 

-kO.1461 

—0.2145 

9.9485 

3.85 

1.5509 

-1-0.1906 

—0.2255 

10.1256 

3.90 

1.7725 

♦-0.2187 

—0.2407 

10.3701 

3.84 

Note;  In  all  the  results,  m  =  4. 


TABLE  4 


KCNS  con- 
:entratlon 
(M) 

logIKCNS) 

[AsfCNSli.— ] 
{Ag+J 

AT. .  10* 

Kf  10* 

-•-0.3887 

0.6647 

—0.1773 

—0.1280 

7.5750 

4.05 

6.81 

0.9970 

—0.0013 

-0.1697 

8.2057 

5.22 

5.63 

1.3295 

-i-0;1235 

—0.2006 

8.6732 

5.87 

4.66 

1.5509 

-♦-0.1906 

—0.2188 

8.9486 

5.87 

3.96 

1.7725 

-1-0.2487 

—0.2348 

9.1906 

5.81 

3.41 

Note:  In  all  the  tests  m  is  taken  as  equal  to  3  and  4. 

The  calculations  made  by  us  show  that  the  dissociation  constant  of  the  Ag(CNS)^*  complex,  within  the 
concentration  limits  of  complex  formation  studied,  have  not  very  greatly  different  values.  The  K4  values  main¬ 
tain  a  good  constancy.  The  average  figure  for  the  dissociation  constant  of  the  Ag(CNS)4®  complex  at  60*  is  equal 
to  5.36- 10'®. 

A  comparison  of  the  dissociation  constants  of  the  Ag(CNS)4®  complex,  calculated  for  different  temperatures, 
shows  that,  with  increase  in  temperature, the  stability  of  the  complex  falls.  Therefore,  the  process  of  formation 
of  complex  ions  in  tfie  case  quoted  must  proceed  exothermically. 


Ag+  +  4CNS-  Ag(CNS)r®  -1-  Q. 


(ID 


We  made  a  calculation  of  the  heat  of  the  reaction  of  formation  of  the  thiocyanate  complex  of  silver  in 
accordance  with  equation  (II).  For  this,  the  Van’t  Hoff  isochore  relationship  was  used; 


d\nK  Q 
dT  RT^‘ 


It  is  satisfactory  to  use  the  isochore  relationship  directly  in  the  interval  form  in  which  the  natural  logarithms 
have  been  converted  to  the  base  10; 


Q(n-Ti) 
4.575  •  Ti  •  7*2  * 
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With  the  use  of  this  relationship  it  is  possible  to  estimate  the  thermochemical  effect,  obtaining  measure¬ 
ments  at  low  temperature  intervals  [14], 

In  Table  5  the  values  are  given  for  the  heat  effect  of  the  Ag(CNS)4®  formation  reaction. 


TABLE  5 


Tempera¬ 

ture 

fCt 

Q(kcal) 

20° 

2.86  •  10-11 

2257 

40 

3.56  •  10-10 

28.08 

60 

5.36  •  10-0 

The  average  value  for  the  heat  of  formation  of  Ag(CNS)^® 
within  the  temperature  range  20-60*,  is  approximately  equal 
to  25.5  kcal.  It  follows  that  the  formation  of  the  silver  thio¬ 
cyanate  complex  in  solution  has  the  character  of  an  exothermic 
reaction.  As  seen  from  Table  5,  with  increasing  temperature 
the  heat  effect  of  the  complex -formation  reaction  increases 
slightly. 

The  Influence  of  the  Nature  of  the  Solvent  on 
the  Formation  of  Thiocyanate  Complexes  of 
Silver 


It  is  known  that  the  values  for  the  electrode  potentials 
of  metals  depend  on  the  nature  of  the:  solvent  with  which  the 
metals  cited  are  in  equilibrium  [15].  The  presence  of  ion -complex -formers  which  are  capable  of  linking  up 
into  more  or  less  stable  complexes  of  ions  with  definite  potentials  [12],  also  has  an  important  effect  on  the  value 
of  the  electrode  potential.  This  latter  factor  acts  at  an  important  stage  on  the  order  of  distribution  of  metals  in 
the  electrochemical  series.  Therefore,  it  is  of  interest  to  find  out  to  what  extent  the  complex  formation  depends 
on  the  solvent. 


We  attempted  a  study  of  the  course  of  the  complex  formation  reaction  in  relationship  to  the  nature  of  the 
solvent,  by  measuring  the  emf  and  by  the  solubility  method.  Potentiometric  measurements  were  carried  out  as 
indicated  above  but  definite  amounts  of  non-aqueous  solvents  —  ethyl  alcohol,  acetone  or  dioxane,  were  introduced 
into  the  solutions  under  investigation.  The  solvents  were  carefully  distilled  and  dehydrated.  The  solutions  inves¬ 
tigated  were  prepared  by  carrying  out  a  definite  series  of  tests,  the  concentration  of  the  non-aqueous  solvent 
being  kept  constant  and  only  the  concentration  of  the  complex -former  being  varied.  Solutions  with  a  non-aqueous 
solvent  content  of  0.1  to  1.2  mol/liter  were  studied  by  the  emf  method.  The  measurements  were  carried  out  at 
20*. 

The  results  of  our  measurements  are  given  in  Table  6,  for  solvent  mixtures  witha  dioxane  concentration  of 
about  1  M, 


TABLE  6 


KCNS  con¬ 
centration 
(M) 

logiKCNS] 

^  [Ag+J 

fCt  .  10“ 

0.4 

—0.3979 

-1-0.4147 

—0.1029 

1 

8.9105 

1 

2.06 

0.6 

—0.2218 

—0.1425 

9.5921 

2.52 

0.8 

—0.0969 

—0.1706 

10.0757 

2.80 

1.2 

-+-0.0792 

—0.2122 

10.7918 

2.92 

1.8 

-♦-0.2553 

—0.2550 

11.5284 

2.84 

Note:  In  all  the  tests  m  =  4. 

We  were  limited  to  a  show  of  data  relating  to  solutions  containing  dioxane  since  dioxane  has  very  little 
effect  on  the  dielectric  permeability  (DP),  compared  with  other  solvents  studied  by  us  and  would  show  a  very 
much  greater  effect  on  the  electrode  potential  and  on  the  complex  formation. 
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However,  as  seen  from  Table  6,  the  values  for  the  silver  electrode  potential  and  the  Ag(CNS)4®  dissocia¬ 
tion  constant  for  dioxane  solution  do  not  differ  at  all  markedly  from  the  values  found  for  pure  aqueous  solutions 
(see  Table  1).  We  also  noticed  this  on  replacing  water  in  aqueous -alcohol  and  aqueous -acetone  mixtures.* 

At  the  same  time  we  saw  that  even  an  insignificant  change  in  the  thiocyanate  ion  concentration  brings 
about  a  marked  reduction  in  the  electrode  potential  figure  both  in  the  presence  of  non-aqueous  solvents  and  in 
ptire  aqueous  solutions. 


We  used  the  solubility  method  for  the  study  of  complex  formation  in  pure  non-aqueous  solvents;  for  this 
acetone  and  alcohol  solutions  were  obtained.  KCNS  is  not  soluble  in  dioxane;  Potassium  thiocyanate  dissolves 
with  difficulty  in  anhydrous  ethyl  alcohol;  a  saturated  solution  at  20*  contains  0.5326  mol/liter  KCNS.  The 
AgCNS  solubility  in  alcdiolic  KCNS  solutions  is  also  not  very  high.  We  found  that  the  AgCNS  concentration 
in  a  saturated  KCNS  solution  at  20®  reaches  0.00166  mol/liter.  This  is  a  very  low  AgCNS  solubility  for  the 

corresponding  KCNS  concentration,  in  aqueous  solution,  Therefore  we  can 
say  that  the  stability  of  the  silver  thiocyanate  complex  is  higher  in  water 
than  alcohol. 


Fig.  5.  Study  of  the  system 
AgCNS  -  KCNS  -  CHjCOCHg 
by  the  solubility  method. 


The  formation  of  the  thiocyanate  complex  of  silver  proceeds  much 
more  easily  in  acetone  than  in  alcohol  and  water.  AgCNS  is  practically 
insoluble  in  pure  acetone  and  therefore  the  solution  shows  complex  forma¬ 
tion  activity  in  presence  of  KCNS. 


We  studied  the  equilibria  in  the  system  AgCNS  —  KCNS  in  acetone 
solution  by  the  method  described  for  aqueous  solutions.  The  KCNS  con¬ 
centration  varied  from  0.1  to  1  M.  The  results  obtained  are  given  in  Table  7. 

The  value  n  was  determined  graphically  (Fig.  5)  and  is  equal  to  unity. 
It  follows  that  the  composition  of  a  thiocyanate  complex  of  silver  formed 
in  acetone  solution  corresponds  to  the  formula  Ag(CNS)2  \  We  arrived  at 


this  result  and  calculated  the  equilibrium  constant 


4  = 


[AjrfCNSiri 

[CNS] 


(average  value  0.404)  which  shows  a  much  better  constancy  than 


[Ag(CN^  [Ag(CNS)r^] 

~  [CNS-]2  ^s  “■  [CNS-]3 

TABLE  7 


KCNS  con¬ 
centration 
(M) 

log  [KCNS] 

Wt.  AgjS  per 
per  20  ml 
sol. 

log  [AgtCNS)"^  J 

K, 

K*s 

*^"s 

1 

-+-0.0 

0.7264 

—0.5331 

0.4147 

i.723 

166.7 

0.8 

—0,0969 

0.5996 

—0.6163 

0.4235 

2.407 

588.8 

0.6 

—0.2218 

0.4108 

—0.7805 

0.3820 

2.30 

153.5 

0.4 

—0.3979 

0.2827 

—0.9428 

0.3987 

3.856 

593.3 

0.2 

—0.699 

0.1431 

—1.2385 

0.4018 

6.460 

196.0 

Note:  In  all  the  experiments  n  =  1. 


From  the  acetone  solution  we  produced  crystallization  of  the  compound  formed  in  it.  Thanks  to  the  high 
flexibility  of  the  solvent  pair  at  room  temperature,  concenuation  of  the  acetone  solution  of  the  mixed  thiocyanates 
of  silver  and  potassium  proceeds  very  rapidly.  As  a  result  of  isothermal  crystallization,  we  obtained  separation 
of  a  more  silky  substance  in  the  form  of  needle-shaped  crystals.  For  this  we  prepared  an  acetone  solution  of 
approximately  0.8  M  KCNS  concentration  and  saturated  it  with  respect  to  AgCNS  then  left  it  to  stand  in  a 
•Here,  it  is  true,  in  contrast  to  pure  aqueous  solutions,  the  solution  of  the  AgCNS  precipitate  approached  the 
KCNS  at  somewhat  lower  concentrations. 
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desiccator  over  calcium  chloride  at  room  temperature.  After  3  days,  formation  of  a  precipitate  was  observed; 
this  was  rapidly  separated  from  the  mother  liquor,  washed  twice  with  anhydrous  acetone,  dried  in  a  desiccator 
and  analyzed  for  potassium  and  silver.  The  difference  between  the  weighed  portion  and  the  amounts  calculated 
according  to  the  analytical  data  for  KCNS  and  AgCNS.  gave  the  acetone  content  of  the  crystals.  In  the  results 
it  was  established  that  the  molecular  compound  which  separated  corresponded  to  the  formula 


KCNS •  AgCNS 


3H3C— C-CH3. 

h 


Theoretically,  this  compound  should  contain;  22.37'yo  KCNS.  31.^1%  AgCNS  and  39.66%  acetone. 

According  to  the  analytical  data,  there  was  found;  37,10%  acetone  24.23%  KCNS  and  38.67%  AgCNS. 

The  molecular  compound  which  separated  is  easily  decomposed  by  water  and  rapidly  effloresces  in  the  atmosphere 
losing  acetone  of  crystallization. 


DISCUSSION  OF  RESULTS 

Dissociation  constants  of  thiocyanate  complexes  of  silver  were  calculated  on  the  basis  of  potentiometric 
measurments  at  different  temperatures  and  undoubtedly  show  that  the  process  of  complex  formation  in  a  given 
system  depends  largely  on  temperature.  With  increasing  temperature,  the  stability  of  complexes  diminishes. 

However,  Ag(CNS)4^  formation  under  conditions  of  a  large  excess  of  CNS  ions  in  aqueous  solution, 
prevails  up  to  60*.  Our  results  refute  the  results  given  by  other  investigators  who  have  pointed  out  the  high  ther¬ 
mal  instability  of  quaternary  thiocyanate  complexes  of  silver.  As  we  have  established,  Ag(CNS)4^  only  begins 
to  partially  dissociate  at  60*  according  to  the  equation; 


Ag(CNS);®  =  Ag(CNS).,*+  CNS‘ 


(in) 


It  may  be  assumed  that  at  higher  temperatures  dissociation  of  the  silver  thiocyanate  complex  proceeds 
further.  It  follows  that  gradual  dissociation  concerns  not  only  the  slightly  stable  but  also  the  stable  complexes 
such  as  silver  thiocyanates. 

The  nature  of  the  solvent  has  a  no  less  powerful  effect  on  complex  formation,  for  which  there  is  interaction 
between  Ag"^  and  CNS”  ions. 

In  aqueous  solution  Ag(CNS)4®  groups  prevail,  in  acetone  Ag(CNS)2  groups.  A  comparison  of  the  equili¬ 
brium  constants  permits  us  to  conclude  that  complex  formation  proceeds  easily  in  acetone,  is  worse  in  water  and 
still  worse  in  alcohol. 

The  fact  that  the  stability  of  the  complexes  in  acetone  is  much  higher  than  in  water  is  shown  by  adding 
small  amounts  of  water  to  an^acetone  solution  containing  thiocyanate  complexes,  when  at  once  a  white  turbidity 
of  AgCNS  begins  to  appear.  The  latter  test  indicates  the  powerful  dissociating  properties  of  water  with  respect 
to  thiocyanate  complexes  of  silver.  Thus,  in  mixed  solvents  (water  —  acetone,  water— dioxane,  water  —  alcohol) 
with  a  sufficiently  high  concentration  of  non-aqueous  solvent,  the  disstx;iation  constants  of  the  complexes  and 
their  composition  hardly  vary  at  all  from  those  given  in  pure  aqueous  solutions. 

Our  experiments  also  show  that  the  dependence  of  complex  formation  on  solvent  is  not  linked  in  any 
simple  way  with  dielectric  permeability  (DP)  of  the  solvent.  The  very  high  DP  of  water  (81  7),  less  for  alco¬ 
hol  (25,8)  and  still  less  for  acetone  (20.7)  are  known.  The  capacity  for  formation  of  thiocyanate  complexes  of 
silver  in  these  solvents  varies  in  the  ideal  state  in  series.  If  the  DP  of  the  solvent  were  a  decisive  factor  in  com¬ 
plex  formation  in  solution,  we  should  expect  an  increase  in  the  equilibrium  constant  (I)  from  water  to  alcohol. 

The  effect  of  the  solvent  on  complex  formation  is  the  more  powerful  if  we  attribute  to  it  not  only  a  varia¬ 
tion  in  stability  and  composition  of  the  complexes  in  solution,  but  the  character  of  the  separation  of  molecular 
compounds  in  the  solid  form.  Then,  from  aqueous  solutions,  double  thiocyanates  of  potassium  and  silver  would 
be  produced  only  in  the  form  of  anhydrous  crystals  precipitated  from  acetone. 
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The  dau  obtained  by  us  offer  the  possibility  of  results  which  depend  on  the  method  of  production,  com¬ 
position  of  thiocyanate  complexes  of  silver  formed  being  different,  in  spite  of  concentration  conditions  being 
kept  the  same  in  different  cases.  The  obtaining  of  emf  values  by  us  for  aqueous  and  mixed  solutions  shows  that 
in  the  system  Ag+  -CNS"  -  solvent  complex  formation  has  more  effect  on  the  value  of  the  equilibrium  electrode 
potential  than  the  nature  of  the  solvent.  In  spite  of  fairly  high  concentrations  of  non-aqueous  solvents  in  systerru 
studied,  the  electrode  potential  values  are  practically  the  same  as  for  aqueous  solutions  if  conditions  are  not 
varied. 

A  study  of  thiocyanate  complexes  of  silver  also  gives  the  possibility  of  more  complex  characterization  of 
the  chemical  individuality  of  the  thiocyanate  ion.  As  already  mentioned,  the  CNS'  approximates  closely  to 
the  halogen  ion  in  properties.  With  reference  to  this,  in  order  to  place  CNS"  in  the  halogen  series  according  to 
its  capacity  for  forming  silver  complexes,  we  have  compared  the  values  for  the  dissociation  constants  of  AgXj* 
complexes,  where  X"  is  Br",  I "  and  CNS"  ion.  At  20-25*  for  the  bromide  complex  K  =  7.14. 10"*®  [16]  and  for 
the  iodide  complex,  K  =  1.8.  lO"*^  [13].  On  comparing  these  constants  with  the  dissociation  constants  of  silver 
thiocyanate  at  20*,  found  by  us,  we  obtain  the  following  series: 

Cl"  <  Br'  <  CNS'  <  r. 


However,  this  series  cannot  be  calculated  absolutely  since  the  nature  of  complex  formation  often  depends 
very  much  on  the  nature  of  the  central  ion. 

In  the  series  the  thiocyanate  ions  are  very  similar  and  differ  essentially  from  Br"  and  I"  anions.  When  the 
latter  ions  form  complexes  of  the  type  AgXs  *  [13,  17]  in  the  field  of  high  concentrations,  with  the  silver  cations 
in  aqueous  solutions,  the  thiocyanate  complex  under  similar  conditions  has  a  coordination  number  of  4.  We  may 
also  add  that  there  is  a  considerable  difference  between  CNS"  and  I"  ions  with  reference  to  their  capacity  for 
forming  complexes  in  acetone  solution.  In  this  case  the  iodide  complex  corresponds  to  the  formula  Agsl^  [16] 
and  the  thiocyanate  form*  groups  of  composition  Ag(CNS)2. 

SUMMARY 

1.  The  formation  of  thiocyanate  complexes  of  silver  in  aqueous  and  non-aqueous  solvents  has  been 
studied  potentiometrically  and  by  the  solubility  method. 

2.  It  has  been  shown  that  in  aqueous  solutions  in  the  field  of  mediu  m  and  high  KCNS  concentrations,  the 
complexes  Ag(CNS)4®  are  formed  predominately, 

3.  The  dissociation  constants  of  Ag(CNS)4®  have  been  calculated  at  20,  40  and  60*  and  also  the  heat  effect 
has  been  found  for  the  silver  thiocyanate  complex.  It  has  been  shown  that  with  increasing  temperature,  the 
stability  goes  down  and  the  composition  of  the  complex  is  simplified. 

4.  The  equilibrium  constants  at  25*  have  been  calculated. 

AgCNS  -*■  nCNS-  Ag(CNS)-4!i 
solid 

for  aqueous  and  acetone  solutions  and  also  the  AgCNS  solubility  in  aqueous  solutions  has  been  obtained. 

5.  With  reference  to  the  capacity  for  formation  of  thiocyanate  complexes  of  silver,  acetone  occupies  first 
place,  water  comes  next  and  finally  alcohol.  In  mixed  aqueous  —  non-aqueous  solvents  up  to  1.2  M  concentra¬ 
tion,  with  non-aqueous  additions  the  dissociation  constants  of  complexes  and  their  composition  have  the  same 
values  as  for  aqueous  solutions. 

£.  It  has  been  shown  that  in  acetone  solution,  in  contrast  to  aqueous,  the  complex  Ag(CNS)2  is  formed. 
The  molecular  compound  was  isolated: 

KCNS  •  AgCNS  •  3H3C— C— CHo 

O 
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7.  It  has  l)een  shown  that  thiocyanates  and  halides  are  arranj’ed  in  the  following  series,  according  to  their 
capacity  for  forming  complexes  with  silver 

Cf  <  Br'  <  CNS"  <  r. 

8.  On  the  basis  of  the  experimental  data  obtained,  conclusions  are  drawn  on  the  comparative  effect  of 
nature  of  tlie  solvent  and  complex  formation  on  the  equilibrium  electrode  potential  values. 
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THE  ROLE  OF  pH  IN  THE  FORMATION  AND  EXTRACTION  OF 


INTERNAL  COMPLEX  COMPOUNDS 


I.  M.  Korenman  and  F,  R.  Sheyanova 


The  role  of  pH  in  the  formation  of  internal  complex  salts  has  been  repeatedly  mentioned  in  the  literature 
and  is  of  high  significance  inpractice.  .  Of  the  well  known  examples  we  may  mention  the  formation  of  hydroxy- 
quinolates  [1-6],  anthranilates  [7,  8],  dithizonates  [2-4]  and  other  compounds[9-13]  the  yields  of  which  have 
undergone  sudden  fluctuation  in  relationship  to  pH.  A.  K.  Babko  [14»25]  and  V.  I.  Kuznetsov  [15,  26],  devoted 
special  investigations  to  the  dependence  of  the  color  of  internal  complex  salts  on  pH.  The  work  of  a  series  of 
authors  has  shown  that  the  formation  of  internal  complex  salts  was  begun  with  the  determination  of  pH  value; 
with  increase  in  pH,  the  yield  of  reaction  product  is  increased  and  finally,  reaches  lOQPjo.  However,  a  further 
Increase  in  pH  produces  a  more  or  less  considerable  lowering  of  the  yield  of  reaction  product  and  the  reaction 
may  even  cease  completely.  A  series  of  such  examples  is  mentioned  by  V.  I.  Kuznetsov  [13,  15,  16].  R.  Berg 
[1]  and  S.  A.  Voznesensky  [17]  produced  graphs  of  the  precipitation  of  some  hydroxyquinolates  with  reference  to 
dependence  on  pH  which  had  the  characteristic  form  of  graphical  recordings  of  the  effect  of  pH.  A  similar 
picture  is  seen  in  the  varying  amounts  of  dithizonates  extracted  [2,  18,  19],  hydroxyquinolates  [20,  21]  and  other 
compounds  [22-24],  at  different  pH  values. 

This  effect  has  been  little  discussed.  V.  I.  Kuznetsov  says  that  increased  intensity  of  color  of  complex  tar¬ 
trate  compounds,  at  high  pH,  is  not  linked  with  their  complete  destruction  since  hydroxides  do  not  separate  out, 
although  the  colors  observed  are  reminiscent  of  those  of  corresponding  hydroxides. 

Pyrocatechol  complex  compounds  of  iron,  in  presence  of  a  large  amount  of  caustic  alkali,  suddenly  decrease 
in  color  intensity  the  color  in  this  case  being  nearer  to  that  of  an  iron  hydroxide  suspension.  In  some  cases, 
separation  of  the  corresponding  hydroxide  [13,  15]  is  noticed  by  the  action  of  excess  alkali  on  the  internal  com¬ 
plex  compound.  A.  K.  Babko  [14,  25],  indicates  that  on  decomposition  of  complex  compounds  hydroxides  are 
formed.  Formation  of  hydroxides  or  basic  salts  at  high  pH  values  is  not  always  observed  visually.  This  may  often 
be  explained  by  the  small  amount  of  hydroxide  present,  as  a  result  of  the  low  concentration,  or  also  by  the 
colloidal  state  of  the  hydroxide. 

It  may  be  suggested  that  on  increasing  the  pH  by  adding  ammonia  or  ammoniacal  buffer  solutions,  some 
internal  complex  compounds  are  decomposed,  giveing  rise  to  soluble  ammines. 

In  the  present  work  we  attempt  to  prove,  theoretically,  the  effect  of  pH  on  the  yield  of  reaction  product, 
since  an  examination  only  emphasizes  the  case  when  the  composition  of  the  reaction  product  remains  constant 
with  variation  in  pH  but  its  amount  varies,  i.  e.,  the  amount  of  precipitate  or  color  intensity  varies.  As  an  example 
we  turn  to  the  interaction  of  the  divalent  cation  Me  •  •  with  the  organic  substance  HR*  represented  by  a  weak 
acid.  In  this  a  reaction  product  of  composition  MeR2  is  formed,  of  low  solubility,  or  an  Intensively  colored  product 
representing  in  the  majority  of  cases,  internal  complex  compounds  (weak  electroylte); 

MeRa  Me"  H- 2R'.  (1) 

It  follows  that, 

[Me"l  [R'F  _  ^ 

[MeRa]  (2) 


•Further  on,  the  organic  substance  HR  will  be  called  the  reagent. 
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Taking  into  consideration  the  fact  that  the  reagent  also  represents  a  weak  electrolyte. 


(Him 

[HR] 


(3) 


we  can  rewrite  equation  (2)  in  the  following  form: 


from  which 


[Me-1[HRP^/rMcR. 

IMeR2][HP  ’ 


[MeRjl 


/r*R(Me1[HRP 


(4) 


(5) 


It  follows  that  the  concentration  MeR2.  1.  e.>  the  yield  of  reaction  product,  depends  on  many  factors,  In  this  case 
on  the  hydrogen  ion  concentration.  We  see  also  that  the  yield  of  reaction  product  is  proportional  to  the  Me  *’ 
concentration  which  is  not  known  to  us.  However,  [Me*']  =  CMe"  “[MeR^],  where  Cm®**  is  the  initial  con¬ 
centration. 

We  can  now  speak  about  the  concentration  HR.  In  this  case  we  must  take  into  account  the  fact  that  the 
reagent  is  usually  used  in  considerable  excess  and  therefore  its  equilibrium  concentration  may  be  said  to  be 
practically  equal  to  the  initial  concentration  i.  e.,  [HR]  «  ^HR. 

In  a  case  requiring  great  accuracy,  the  equilibrium  concentration  of  the  reagent  may  be  calculated  if  we 
take  into  consideration  the  fact  that  [HR]  =  Chr  ~  2[MeR2]. 

Taking  these  remarks  into  account,  we  rewrite  equation  (5)  as: 


r».  «  ,  ^HR  '  ^HR^^Me"  [MeR2]) 

[MeR2]  - - - 


^MeR,[HT 

Resolving  this  equation  with  respect  to  MeRj  concentration,  we  find 


[MeR2]  = 


^HR  ^HR  '  '^Me“ 


^ArCSr-^^McR.OT 


(6) 


(7) 


In  order  to  find  the  yield  B,  of  reaction  product,  we  multiply  both  parts  of  equation  (7)  by  100/CMe**  : 


B  = 


_ ^HR  ^HR  • 

^HR^HR  ■*"  ^MeR,  [H  P 


(8) 


The  amount  of  reaction  product  formed,  other  conditions  being  the  same,  is  directly  proportional  to  the  initial 
concentration  of  the  cation  [Equation  (7)].  However,  as  Equation  (8)  shows,  the  yield  of  MeR2  in  per  cent  does 
not  depend  on  the  initial  amount  of  Me  *'  . 

Equation  (8)  may  be  expresses  in  the  following  form: 


B--= 


100 


K, 


MrR, 


JHP 


^2 

^HR  '-'HR 


(9) 
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With  Increasing  hydrogen  ion  concentration,  i.  e.,  with  increased  pH,  other  conditions  being  the  same, 
the  amount  of  B  is  increased.  For  very  low  [H*],  the  second  component  in  the  denominator  is  a  small  amount 
and  B  then  reaches  prectically  100%.  On  the  other  hand,  for  a  large  [H*],  the  second  component  is  a  large 
quantity  (100  and  more)  and  there  is  practically  no  formation  of  MeR^.  On  increasing  ^HR,  the  yield  of  reaction 
product  goes  down.  The  yield  of  reaction  product  depends  on  the  dissociation  constants  of  MeR2  and  HR.  Com¬ 
pounds  distinguished  by  high  stability,  i.  e.,  low  dissociation  constants,  are  formed  in  comparatively  larger 
amounts  than  compounds  with  comparatively  large  constants.  Salts  of  the  stronger  acids  are  formed  in  compara¬ 
tively  smaller  amounts.  The  graphical  relationship  of  the  yield  of  reaction  product  and  pH  constructed  in  accord¬ 
ance  with  Equation  (8)  or  (9),  is  shown  in  Fig.  1.  In  this  way.  Equations  (8)  and  (9)  reproduce  the  ascending 
part  of  the  curve  well,  1.  e.  relationship  between  yield  of  reaction  product  and  pH.  These  equations  do  not  enable  ex 
planation  of  thelowering  of  yield  with  further  Increase  in  pH. 

With  high  pH  values,  we  must  discuss  the  possibility  of  simultaneous  formation  of  hydroxides  MefOH)^  or 
complex  Me“  compounds  with  substances  entering  into  the  composition  of  buffered  alkaline  solutions.  Let  us 
consider  first  the  possibility  of  Me(OH)2  formation,  for  which 

[Me-]  [OH'F  _  ^ 

[Me(OH)2]  (10) 


where is  the  product  of  the  first  and  second  dissociation  constant  of  Me(OH)2. 
On  dividing  Equation  (10)  by  (2)  we  get: 


[MeR2][OHT  ^Me(OH), 

[Me(OH)2][R'J'‘  :^MeR,  ■ 

At  high  pH  values,  we  can  say  that  [R']  «  Chr  .  If  we  also  take  into  consideration  the  fact  that 
then  we  obtain  instead  of  Equation  (11) 


(11) 
_  ^H.O 


lOH')=-(^ 


|M,R,| 

^Mt(OH),  ^HR  [H? 
[Me(QH)2l  ^MeR,  ^H,0 


Equation  (12)  shows  that  with  decreasing  hydrogen  ion  concentration,  i.  e.,  with  high  pH,  the  relative  amount 
of  MeR2  decreases.  This  equation  permits  the  introduction  of  a  correction  into  the  amount  of  reaction  product, 
calculated  according  to  Equation  (9). 


As  examples  we  calculated  the  yield  of  reaction  product, 
in  relationship  to  pH,  starting  approximately  according  to 

Equation  (9),  then  we  found  the  relationship 

[Me(UH)2  J 

for  those  pH  values  and  so  calculated  the  yield  of  MeR,  more 
exactly  (Table  1),  In  the  calculations  we  put  K^r  =  10"®; 
KMeRj  =  10"*:  KMe(OH)2  =  l®"^:  IH2O  ^ 

=  10  **  M; 


For  very  large  ratios  of 


[MeRj] 


,Me(OH)2  formation 


[Me(OH)2] 

is  practically  equal  to  zero  and  does  not  affect  the  quantity 
MeR2.  When  this  ratio  is  comparatively  small,  then  it  is  not 
possible  to  disregard  the  amount  of  hydroxide  formed.  For 
example,  at  pH  8,  this  ratio,  in  our  example  is  equal  to 


Fig.  1.  Dependence  of  MeR2  yield  on  pH. 

!  1.  Here  the  yeild  of  MeR2  does  not  amount  to  100%  as  calculated  according  to  Equation  (9)  and  is  only 


10  or  10 
10  •  100 
10+1 


=  91%  etc. 
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TABLE  1 


Yield  of  MeRj  In  Relationship  to  pH 


pM 

Yield  of  MeRj  according  to 
Equation  (9)  (in 

— —  according  to 
fMcfOH)^  1 

Equation  (12) 

Yield  of  Mel 

lation  ,  f  Me 
(in  1o) 

1 

10 

10** 

2 

1 

10*'’’ 

1 

3 

50 

10^^ 

50 

4 

100 

10* 

100 

5 

100 

10^ 

100 

6 

100 

10® 

100 

7 

100 

lO® 

99.9 

8 

100 

10 

91 

9 

100 

10'^ 

9.1 

10 

100 

o 

1 

0.1 

Thus,  for  calculating  the  yield  of  reaction  product  with  respect  to  pH,  Equations  (9)  and  (12)  may  be  used. 

It  is  understood  that  these  relationships  apply  not  only  to  MeR^  but  also  to  reaction  products  of  different 
composition.  For  compounds  of  the  general  composition  MeRn,  we  have: 


t^n  ,r<n 
^HR  ^HR 


(13) 


[MeRw]  ^  ]” 

[Me(OH)„l“  ^MeRH-^li,0  ‘ 


For  cases  where  decomposition  of  MeRn  takes  place  at  high  pH  values,  with  formation  of  ammines,  instead 
of  Equation  (14),  we  take  the  analogous  equation 


PMeR„]  _  ^MeCNH,)^'  ‘ 

[Me(NH3)rj  ""  '^eRjNH^  '  ‘ 


which  shows  that  with  increasing  ammonia  concentration,  i,  e.,  for  increased  pH,  the  quantity  MeRn  decreases. 
Equations  (8),  (9)  and  (13)  may  be  used  for  determining  the  instability  constants  of  internal  complex  compounds. 
Taking  Equation  (8)  or  (9)  relating  to  KmcR^  ,  we  get 


„  ^HR^HR  ~  ^) 

^MeR,— 


or,  in  the  general  form  for  compounds  of  composition  MeRn: 

_  ^HR^HR  ~ 
^MeR„—  [Hl’'5 


(16) 


(17) 
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Equations  (16)  and  (17)  are  suitable  for  investigation  of  the  ascending  parts  of  the  curve  (Fig.  1)  for  conditions 
In  which  the  initial  reagent  concentration  is  considerably  higher  tiian  the  initial  cation  concentration.  The 
instability  constant  of  McRn  ttiay  be  calculated  knowing  the  pH;  the  yield  of  reaction  product  B  is  found  experl- 

[MeRn] 


mentally  and  graphically  (Fig.  2),  corresponding  to  the  values 


,  from  which  KMeRn  Is  calculated 


[Me(OM)„  ] 

according  to  Equation  (14).  It  is  understoixl  that  for  this  calculation  we  must  be  certain  that  decomposition  of 
MeR^  takes  place  at  high  pH  values,  with  formation  of  MeiOH)^. 


For  a  known  amount  of  ^MeRn,  using  this  equation,  we  can  calculate  ^Me(OH)n. 

If  **'MeR„  is  known,  then  tlie  pH  value  may  be  found  for  which  the  required  yield  of  reaction  product  is 
attained.  In  agreement  with  Equation  (9),  we  put 


[H  1  —  ^hr^hr 


\/ 


100  —  5 

^MeR,  •  ^ 


(18) 


then 

pH  =  pA'hR  2  P^MeR,  “  ^HR  ~  "2  JB  ‘ 

Equation  (19)  shows  that  the  pH  required  for  attaining  a  given  yield  of  reaction  product  (In  per  cent)  does  not 
depend  on  the  initial  amount  of  Me"  and  may  be  calculated  if  Khr  and  KMeR2  are  known,  and  also  the  con¬ 
centration  of  the  reagent  taken  and  the  excess  of  reagent.  If  we  take  as  the  beginning  of  the  reaction  the  moment 
when  about  l<7o  MeRj  is  formed,  (taking  the  initial  amount  of  Me  as  equal  to  100%)  and  the  end  of  the  reaction 
when  99%  MeR2  is  formed,  then  we  are  easily  presuaded  that,  with  an  excess  of  reagent,  this  method  takes  place 
on  varying  the  pH  by  2  units: 


pH  =  ^pA^HR  —  y  P^MeR,  "lOgC^HR)  — 


(20) 


(in  %) 

Fig,  2,  Relationship  between  yield  of 
reaction  product  and  the  quantity 
[MeRn] 

[Me(OH)n] 


The  pH  values  within  the  limits  of  the  two  units  may  be  called 
the  field  of  formation  of  the  reaction  product  (for  sparingly 
soluble  compounds  ~  the  field  of  precipitation). 

Deriving  these  calculations,  we  find  that  the  field  of 
formation  of  MeR  embraces  four  pH  units,  and  1.33  for  MeRs. 

Equations  (12)  and  (14)  permit  calculation  of  the  pH  at 
which  decomposition  of  MeRp  starts  and  finishes  with  formation 
of  Me(OH)n.  For  example,  let  us  lodk  at  Equation  (12).  We 
will  take  as  the  beginning  of  decomposition  of  MeR2.  the  moment 
when  1%  Me(OH)2  is  formed  from  it.  Then,  instead  of  (12),  we 
can  write 


100  ArMe(OH),^HR 

1  ^MeR'/AjO 


that  = 

^HR  ^  ^Me(OH), 


and  it  follows 


pH  =  p/h,o  "^log^HR  2  K^ 


^MeR, 


—  1. 


Me(OH), 


(21) 
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For  practically  complete  decomposition  of  MeRj,  to  the  corresponding  hydroxides,  we  have: 

i. = ^wohAIHF  ^  ^  , 

*00  ^MeR,  •  ^H,0  *0Cf^R  V 

wliich  signifies 

1  ^M/'P 

pH  =  p/„^o -+*0gC^HR  —  ^ ‘  (22) 

In  this  way  the  field  of  decomposition  of  MeRj  embraces  2  pH  units.  Within  the  limits  of  pH  significance 
(from  the  end  of  MeR^  formation  to  the  beginning  of  its  decomposition),  there  is  a  practically  complete  yield 
(100%)  of  reaction  product.  The  extent  of  this  field  may  be  found  by  subtracting  the  pH  at  the  end  of  MeR2 
formation  [Equation  (20)],  from  the  pH  at  the  beginning  of  decomposition  [Equation  (21)]. 

begin  ~  end  P^MeR,  —  P^hr  “  \  P^Me(OH),  .  ( 23 ) 

Thus,  the  field  of  complete  procedure  of  the  reaction  is  shown  to  be  wider  than  the  high  and  the  low 

P*^HR  P*^Me(OH)2'  From  the  subtracted  amounts  in  Equation  (23),  only  the  concentration  of  the  reagent  may 
be  varied  experimentally  when  it  is  larger  than  the  widest  field  for  complete  reaction  procedure.  Higher  con¬ 
centrations  of  the  reagent,  by  10  times,  brings  about  an  extension  of  this  field  by  2  pH  units. 

It  is  probable  that  when  decomposition  of  MeRj  with  formation  of  Me(OH)2  begins  earlier,  then  complete 
formation  of  MeR2  is  attained,  i.  e.,  when  pH  begin.  <  pHend*  As  may  be  seen  from  Equation  (23),  this  is  possible 
under  conditions  such  that 

12  -I-  pATmcR,  21o^HR  P  ^HR  y  P^Me(OH), . 

Under  these  conditions,  complete  formation  of  MeR2  cannot  be  attained  for  one  single  pH  value. 

All  the  preceding  formulae  describe  well  the  qualitative  side  of  the  question  under  consideration,  however, 
the  calculations  may  result  not  only  in  experimental  errors,  but  also  in  approximate  figures  for  some  of  the 
amounts  (for  example,  ^HR)  and  other  moments.  Nevertheless  the  preceding  formulae  permit  determination  of 
the  order  of  magnitude  of  instability  constants  of  internal  complex  compounds,  knowledge  of  which  is  of  impor¬ 
tance  from  the  theoretical  and  practical  points  of  view. 

Using  Equation  (16)  we  calculated  the  Instability  constant  of  nickel  dimethylglyoximate  NiD2  (Table  2). 

For  this  we  take  into  consideration  the  fact  that  the  dissociation  constant  of  dimethylglyoxime,  in  accordance 
with  [27],  is  equal  to  8  •  10"^.  The  dependence  of  NiD2  precipitation  on  pH  is  given  in  the  works  [2,  10].  In 
these  investigations,  9.8  mg  Ni"  was  precipitated  by  15  ml  1%  alcoholic  solution  oj  dimethylglyoxime,  final 
volume  100  ml;  from  this  the  nickel  concentration  is  equal  to  1.67  •  10‘®  M,  dimethylglyoxime  is  1.3  •  10"^  M. 

In  this  way  the  instability  constant  of  nickel  dimethylglyoximate  has  an  order  of  magnitude  of  10'^®. 

It  should  also  be  kept  in  mind  that,  in  accordance  with  the  method  studied,  a  reaction  may  take  place  on 
which  attention  has  often  not  been  focussed,  the  course  of  which  affects  the  amount  of  compound  formed.  We 
have  in  mind  a  complex  formation  reaction  between  cations  of  interest  to  us  and  salts  entering  into  the  composi¬ 
tion  of  buffered  solutions  (particularly  with  phosphates,  citrates,  etc.).  It  is  known  that  many  different  mixtures 
form  solutions  of  definite  pH  value.  We  investigated  the  relationship  between  the  composition  of  a  buffered 
solution  and  the  amount  of  reaction  product  formed.  This  relationship  is  particularly  easy  to  study  on  examples 
of  extracted  compounds,  such  as  the  amount  of  extracted  reaction  product  located  in  the  first  link,  with  the 
amount  of  the  compound  being  formed.  For  the  Investigation,  acetate,  diphthalate,  citrate  and  citrate -phosphate 
buffered  mixtures,  with  the  same  pH  values,  were  used.  Buffered  solutions  were  prepared  according  to  data  in 
the  literature  [28,  29];  the  pH  was  measured  by  the  electrometric  method.  Investigations  were  carried  out  with 
zinc  dithizonate.* 


•Z.  Moseev  participated  in  this  part  of  the  work. 
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TABLE  2 


Precipitation  of  Nickel  Diinethylglyoximatc  at  Different  pM  and  (;;alcnlation  of  its  Instability  Constant 


pH 

Nickel  precipitated  (in  %) 

Equilibrium  concentration  of 
dirnetliylglyoxime  (M  •  10*) 

*^NiD2*10“  . 

3.0 

5 

1.29 

0.2 

3.5 

30 

1.2 

0.21 

4.0 

70 

1.07 

0.31 

4.2 

75.5 

1.06 

0.56 

4.2  1 

84.7 

1.02 

0.27 

5.0 

93.5 

1,00 

4.4 

5.0 

1 

98.0 

j 

0.97  . 

! 

1.2 

Two  ml  of  a  solution  tf  the  zinc  salt  and  1  ml  buffered  solution  were  shaken  up  for  15-30  minutes  with 
1  ml  0.1<7o  dithizone  solution  in  chloroform.  The  amount  of  zinc  dithizonate  extracted  was  determined  radio- 
metrically  with  the  aid  of  the  radioactive  zinc  isotope  Zn^  (Table  3,  Fig.  3). 


TABLE  3 

Extraction  of  Zinc  Dithizonate  in  Relationship  to  pH  and  Composition  of  Buffer  Mixture  (  50  y  Zinc  in  3  ml 
Buffered  Solution) 


pH 

Buffered  mixture 

acetate 

diplithalate 

citrate 

citrate  -phosphate 

extraction  of  zinc  (in  %) 

3 

45 

62 

51 

45 

4 

97 

93 

63 

62 

5 

100 

100 

72 

71 

6 

100 

92 

85 

In  this  way  two  groups  of  buffered  solutions  may  be  distinguished:  1)  buffered  solutions,  the  components 
of  which  do  not  react  in  practice  with  the  cations  studied  (acetate,  diplithalate  solutions):  2)  buffered  solutions 
the  components  of  which  form  compounds  of  low  dissociation,  complex,  or  sparingly  soluble  compounds  (citrate, 
citrate -phosphate  solutions),  with  the  cations  studied.  When  using  buffered  solutions,  the  second  group  is  formed 
and  a  smaller  amount  of  reaction  product  is  extracted  than  for  exactly  the  same  pH  value  formed  by  a  buffered 
solution  of  the  first  group.  The  process  according  to  this  method  may  be  represented  by  the  equation 

MeR„  mAn'>-  -I-  nW  (MeAn^P"*-"  -+-  /iHR,  (24) 

where  An^*  is  the  anion  salt  entering  into  the  compositionof  the  buffered  solution  (for  example,  PC^^^).  With 
increasing  hydrogen  ion  concentration,  the  equilibrium  is  displaced  to  the  left,  i.  e.,  to  the  side  of  formation  of 
a  large  amount  of  internal  complex  compound  of  interest  to  us.  This  relationship  is  seen  in  the  data  given  in 
Table  3  and  in  Fig.  3. 

As  Equation  (24)  shows,  an  increased  reagent  concentration  must  displace  the  equilibrium  to  the  left  and 
remove  [MeAn^^]^™  "  "  formation  to  a  conconsiderable  extent.  This  relationship  is  illustrated  in  Fig.  4  and  5 
(here  lOy  Zn**  of  Cd*’  was  contained  in  2  ml  solution  to  which  was  added  1  ml  buffered  solution).  •  In  one 


•The  amount  of  zinc  or  cadmium  extracted  was  determined  radiometrically. 
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Kig.  3.  Effect  of  composition  of  buffered 
mixtures  on  zinc  dithizonate  extraction. 
1)  acetate,  2)  dipinhalate,  3)  citrate 
4)  citrate-phospbate. 


Fig.  4.  Extraction  of  zinc  dithizonate 
(lOyZn"  in  3  ml  phosphate -citrate 
buffer  solution).  1)  1  ml  0.01<7o 
dithizonate  solution  in  CHClj,  2)  1  ml 
0.1%  dithizonate  solution  in  Clias, 


case,  cxtiaclioii  priHluced  1  ml  0.01  %  dithizonc  solution, 
in  a  SCI  Olid  -  0.1%  solution.  \\'c  see  that  iucreasiii)',  con¬ 
centration  of  reagent  led  to  a  sudden  increase  in  the  amount 
of  reaction  prcxiuct  extracted  and  removal  of  tlie  effect  of 
die  composition  of  the  buffered  solution.  It  should  be  men¬ 
tioned  that  1  ml  solution  contained  a  stifficient  amount 
of  ditliizone  to  combine  witli  tlie  amount  ol  zinc  taken. 

If  the  instability  constant  Mclin  is  considerably  lower  than 
the  corresponding  amount  [MeAn„,J'^”^  tlien  Melf,,  Is 
formed  prcdominatly  and  the  composition  of  die  buffered 
solution  either  does  not  affe<-t  die  amount  f>f  reaction  pro¬ 
duct  formed  at  all.  or  else  affects  it  very  little.  This  was 
observed  by  ns  on  extraction  of  mercury  dithizonate. 


Fig.  .'5.  Extraction  of  cadmium  dithizonate 
(lOyCd"  in  3  ml  buffer  solution).  Buffered 
solutions:  1)  diphdialate,  2)  citrate - 
phosphate  (a  —  0.01%  dithizonate  solution 
b  —  0.1%  dithizonate  solution). 


SUMMARY 

1.  The  dejjendence  of  yield  of  reaction  product  between  cation  and  organic  substance  on  a  series  of 
factors  has  been  shown  and  particularly  on  the  pH  of  the  solution. 

2.  Data  are  given  relating  to  the  field  of  formation,  field  of  decomposition  of  the  reaction  product  and 
the  field  of  complete  procedure  of  the  reaction  and  equations  derived  for  their  calculation, 

3.  It  has  been  shown  that  the  amount  of  reaction  product  formed  and  extracted,  is  affected  by  the  com¬ 
position  of  the  buffered  solution  used  for  establishing  a  given  pH  value. 
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POLAROGRAPHIC  STUDY  OF  THE  KINETICS  OF  POLYMERIZATION 


PROCESSES 

M.  I.  Bobrova  and  A.  N.  Natveeva 


Up  to  recent  times  the  dilatometric  method  has  been  used  widely  for  the  study  of  kinetics  of  poly¬ 
merization,  as  visualized  in  this  series  of  studies  [1,  2],  In  other  work  [3],  the  weight  of  polymer  has  been  det¬ 
ermined  as  a  function  of  the  time. 

The  dilatometric  method  is  not  always  satisfactory  with  reference  to  requirements  of  accuracy,  particularly 
in  the  case  of  total  completion  of  the  polymerization  process  and  also  in  the  case  of  copolymerization. 

In  a  study  of  complete  polymerization,  by  Bevington,  Melville  and  Taylor,  [4],  the  method  of  labelled 
atoms  was  used. 

The  use  of  the  polarographic  method  for  a  study  of  kinetics  of  polymerization  and  particularly  for  a  study 
of  kinetics  of  copolymerization,  appears  to  be  very  promising,  owing  to  the  accuracy  and  speed  of  the  deter¬ 
mination  of  deep-seated  polymerization  and  copolymerization  and  also  of  the  composition  of  the  polymer. 

In  spite  of  the  fact  that  many  monomers,  particularly  methyl  methacrylate,  may  be  determined  polarographi- 
cally  [5]  a  study  of  polymerization  kinetics  by  this  method,  when  applied  to  combined  and  solid  samples, 
has  met  with  considerable  difficulty,  in  connection  with  the  recovery  of  the  residual  monomer.  We  worked 
out  a  polarographic  method  for  the  study  of  polymerization  kinetics,  using  methyl  methacrylate  as  an  example, 
in  presence  of  2,  2'-azobisisobutyronitrile  in  the  role  of  activator.  The  main  object  of  this  was  the  complete 
recovery  of  the  monomer  from  the  solidified  sample  and  offered  the  possibility  of  widespread  use  of  polaro- 
graphy  for  the  study  of  different  polymerization  and  copolymerization  processes. 

EXPERIMENTAL 

Polymerization  and  recovery  of  monomer  from  a  solidified  sample  of  polymer.  Polarography  was  carried 
out  in  the  Gorkovsky  polarograph,  model  M-7.  fitted  with  a  mirror  galvanometer,  the  sensitivity  of  which  was 
equivalent  to  150  MM/pa  .  The  measurements  were  carried  out  on  the  basis  of  shunt  1/10. 

Aqueous  alcoholic  solutions  of  (C4H9)4NI  and  LiCl  were  used  as  supporting  electrolytes. 

Cylindrical  capillary,  t  =  3  sec.,  mV^*t^®  =  1.83  mgV®  sec'V*  for  a  voltage  of  2.1  V. 

The  height  of  the  rising  mercury  bulb  offered  the  possibility  of  decreasing  the  tangential  motion  [6]. 

Polymerization  was  carried  out  in  cylindrical  ampoules  made  of  capillary  glass,  5-7  mm  diameter,  height 
60-70  mm.  Into  the  ampoules  was  introduced  by  means  of  a  pipette,  a  mixture  (1  g)  of  a  definite  amount  of 
methyl  methacrylate  and  O.l^  2,  2*-azoblsisobutyronitrile.  The  ampoules  were  sealed  and  suspended  on  hooks 
in  a  tall  water  bath.  The  ampoules  were  removed  from  the  bath  at  definite  intervals  of  time  and  placed  in  a 
small  porcelain  dish  with  a  definite  amount  of  ethyl  alcohol  (5-10  ml).  Then  the  glass  rod  of  the  ampoule 
was  cmshed  and  the  monomer  in  the  sample  dissolved,  if  the  sample  was  still  liquid;  in  the  case  where  it  was 
slightly  viscous,  it  had  to  be  pulverized  with  a  glass  rod. 

For  recovery  of  unpolymerized  monomer  from  a  solidified  sample  of  polymer,  we  proposed  the  construction 
of  an  apparatus,  consisting  of  the  following  basic  details;  a  steel  cylinder  (height  45  mm,  internal  diameter 
26  mm,  thickness  of  wall,  6  mm)  in  which  was  placed  at  one  side  at  an  angle  of  85®,  a  funnel  55  mm  long, 

6  mm  diameter,  with  an  internal  rod  driven  by  a  worm  in  a  coupling  fitted  with  a  screw  on  this  furmel.  On 
the  front  part  of  the  glass  cylinder,  two  shafts  were  arranged  to  right  and  left,  by  means  of  which  the  cylinder 
was  made  fast  to  the  cover  by  two  hooks.  In  the  central  opening  of  the  cover  there  was  a  boss  with  the  aid  of 
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which  it  was  fastened  on  to  the  shaft  of  the  motor  of  an  end  mill.  The  cover  was  joined  to  the  body  of  the 
apparatus  as  a  whole. 

The  distance  of  the  teeth  of  the  mill  from  the  edge  of  the  funnel  was  reduced  to  a  minimum.  The 
sample  was  added  via  the  funnel,  to  the  cylinder  filled  with  a  solvent  for  the  monomer,  in  the  present  case, 

5  ml  ethyl  alcohol,  the  motor  was  switched  on,  the  mill  rotated  and  gradually  the  propellor  moved  the  sample 
in  the  direction  cf  the  mill. 

In  this  way  the  rod  of  polymer  in  a  medium  consisting  of  a  solvent  for  the  monomer,  was  converted 
practically  without  residue,  into  very  fine  shavings.  The  solution  obtained  was  filtered  through  glass  wool. 

An  amount  of  solution  corresponding  to  0.05  ml  was  removed  by  means  of  a  micropipette  and  introduced  into 
an  electrolyzer  containing  a  mixture  of  supporting  electrolyte  and  solvent  (2.5  ml  LiCl  +  2.5  ml  ethyl  alcohol); 
then  the  amount  of  monomer  determined  polarographically  and  the  extent  of  polymerization  for  a  given  mom¬ 
ent  of  time,  was  obtained. 

For  determination  of  the  complete  extraction  of  the  monomer,  in  the  present  method  of  extraction  of 
monomer  from  the  sample,  another  similar  sample  of  polymer  was  converted  to  very  fine  shavings  in  exactly 
the  same  way,  however  monomer  and  polymer  were  already  present  together  in  the  solvent  medium. 

In  the  case  of  poly  methyl  methacrylate,  with  reference  to  the  solvent,  we  took  10  ml  of  a  mixture  of 
equal  volumes  of  benzene  and  methyl  alcohol.  Finally,  from  the  simultaneously  ground  and  dissolved  poly- 
methyl  methacrylate,  there  is  obtained  a  homogeneous  liquid  solution  of  the  polymer  and  monomer  together. 
Final  addition  of  10  ml  ethyl  alcohol  to  the  solution  formed,  resulted  in  precipitation  of  the  polymer  on  care¬ 
fully  mixing  the  contents  of  the  cylinder.  A  test  for  complete  precipitation  was  made  immediately  the  pre¬ 
cipitant  was  selected.  A  sample  of  0.05-0.1  ml  was  then  removed  by  micropipette  and  placed  in  an  elec¬ 
trolyzer  containing  a  mixture  of  3  ml  supporting  electrolyte  solution  (C4H9)4NI(C  =  0.1  M),  6  ml  ethyl  alcohol 
and  1  ml  of  a  mixture  of  equal  volumes  of  benzene  and  methyl  alcohol.  Polarography  gave  the  amount  of 
monomer  left  in  the  given  sample  of  polymethyl  methacrylate.  For  calculating  the  value  of  the  diffusion  cur¬ 
rent  constant  of  methyl  methacrylate  determined  by  us  In  the  preceding  mixture,  at  the  same  time  as  in  the 
first  case,  the  value  found  for  the  diffusion  current  constant  of  mixtures  of  2.5  ml  LiCl  +  2.5  ml  ethyl  alcohol, 
was  used.  As  shown,  with  repeated  solution  and  precipitation  of  this  same  sample,  with  subsequent  polarography, 
there  may  be  a  certain  amount  of  monomer  entrapped  in  the  precipitate  polymer  mass.  Therefore,  checking 
for  completeness  of  extraction  of  the  polymer  was  followed  by  carrying  out  a  two-fold  repetition  of  the  cycle 
in  the  order:  initial  grinding  with  simultaneous  solution  of  the  polymer  in  a  mixture  of  benzene  and  methyl 
alcohol,  removal  of  samples  for  polarography,  decanting  of  the  solution,  careful  superficial  washing  of  the 
mass  of  polymer  with  ethyl  alcohol,  decantation,  second  dissolution  of  the  polymer  in  a  mixture  of  benzene 
and  methyl  alcohol,  precipitation  of  the  polymer  with  ethyl  alcohol,  removal  of  the  sample  for  polarography, 
etc.,  if  necessary  introduction  of  corresponding  recovery. 

The  amount  of  monomer  in  the  solution  of  polymer  may  be  determined  in  the  following  way:  after  form¬ 
ation  of  the  polymethyl  methacrylate  solution  in  a  suitable  quantity  of  a  mixture  of  benzene  and  methyl 
alcohol,  a  sample  was  removed,  equivalent  to  0.05  ml  and  placed  in  the  electrolyzer  which  contained  a  mixture 
of  supporting  electrolyte  and  a  solvent  of  composition  indicated  above.  The  polymer  formed  on  this  film  was 
removed  by  means  of  a  glass  rod  and  the  solutions  polarographed. 

On  account  of  the  complexity  with  which  the  chain  reaction  proceeds,  a  comparison  was  made  of  the 
average  values  for  the  amount  of  residual  monomer  on  extracting  it  with  alcohol  from  the  shavings  formed 
and  the  amount  of  monomer  determined  from  the  large  number  of  similar  samples  in  the  total  polymethyl 
methacrylate  solution,  precipitation  of  this,  etc.,  permitted  the  attaining  of  a  result  relating  to  the  suitable 
sample  offered  for  extraction  of  residual  monomer  from  the  required  sample  of  solidified  polymer  (Table), 

The  kinetics  of  the  process  of  polymerization  of  methyl  methacrylate  in  presence  of  Q.l°}o  2,  2'-azo- 
bisisobutyronitrile,  at  60*,  determined  polarographically,  are  illustrated  in  the  form  of  a  curve,  in  the 
figure. 

The  amounu  of  unpolymerized  monomer  based  on  many  experiments,  for  the  first  3  hours,  differ  widely 
from  each  other.  In  the  solidified  sample,  this  difference  disappears  and  this  may  be  explained  by  the  greater 
free  development  of  the  chain  reaction  in  the  initial  stages  of  the  polymerization  process. 
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Curve  of  kinetics  of  process  of  polymerization  of  methyl  methacrylate  with 
0.1%  2,  2’-azobisisobutyronitrile. 


TABLE 

Kinetics  of  Deep-Seated  Polymerization  of  Methyl  Methacrylate  at  60*  with  0.1%  2,  2’-Azobisisobutyronitrile 


Polymerization 
time  (in  hours) 

Polymer  content  (in  %)  (average  figure) 

Polymerization 
time  (hours) 

Polymer  content  (in%)  (average 
figure) 

monomer  extraction 
with  ethyl  alcohol 

solution  of  poly¬ 
mer  in  a  mixture 

of  benzene  and 
methyl  alcohol 
(1-1)  ! 

monomer  extrac 
tion  with  ethyl 
alcohol 

■  solution  of  poly¬ 
mer  in  a  mixture 

of  benzene  and 
me*^hyl  alcohol 
(1:1) 

1 

20 

21 

8 

92 

88 

2 

42 

39 

9 

92 

90 

3 

51 

47 

10 

93 

91 

4* 

78 

80 

12 

92 

92 

5 

86 

86 

14 

96 

93 

6 

89 

90 

25 

93 

93 

7 

91 

90 

•Beginning  with  4-hourly  samples  extraction  of  the  monomer  was  carried  out  by  the  method  described  above. 


SUMMARY 

1.  Details  of  cc  nstruction  of  an  apparatus  have  been  proposed  for  extraction  of  unpolymerized  monomer 
from  solidified  samples  of  polymer. 

2.  The  value  of  the  diffusion  current  constant  has  been  determined  for  methyl  methacrylate  in  the  mixtures; 
ethyl  alcohol  —  benzene—  methyl  alcohol. 

3.  The  kinetics  of  deep-seated  polymerization  of  methyl  methacrylate  in  presence  of  0.1%  2,  2*-azo- 
bisisobutyronitrile,  have  been  determined  at  60". 
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STUDY  or  THE  SORPTION  EXCHANGE  OF  ORGANIC  IONS 


A.  T.  Davydi’V  and  R,  F  .  Sk  obi  ion  ok 


In  the  practical  usage  of  contemporary  ionites,  the  separation  of  organic  and  inorganic  ions  from  their 
mixtures  is  of  great  importance.  There  is  a  need  for  a  qualitative  study  of  the  mechanism  of  adsorption  exchange 
of  organic  ions  which  is  dictated  by  the  development  of  new  fields  such  as  the  separation  of  substances  by  adsorp¬ 
tion  techology  [1],  on  which  is  based  the  method  of  continuous  flow  in  a  primary  chromatographic  column. 

In  the  present  investigation  we  put  forward  the  problem  —  a  study  of  the  behavior  of  organic  ions  on 
exchange  with  inorganic  ions  and  the  elucidation  of  the  influence  of  the  nature  and  size  of  the  ion  on  the  extent 
of  sorption  exchange. 

For  carrying  out  the  investigation  we  took  salts  of  bases  of  the  aliphatic  and  aromatic  series  —  methyl - 
amine  and  aniline  hydrtx^hlorides,  as  they  are  easily  soluble  and  dissociate  well  in  aqueous  solutions. 

With  the  object  of  confirming  the  possible  use,  found  earlier,  of  the  mechanism  of  exchange  of  inorganic 
ions  for  adsorption  exchange  of  organic  ions,  we  linked  the  required  checking  of  the  application  of  the  Gapon 
equation  of  isothermal  adsorption  exchange  [2],  with  our  case. 

The  investigations  were  carried  out  on  the  thiocarbonate,  saturated  with  calcium  ions.  We  studied  the 
exchange  of  Ca^'*'  on  CHsNII^  and  CgHsNH^  from  solutions  of  their  hydrochlorides  of  different  concentrations. 
ITve  grams  weighed  portions  of  Ca  thiocarbonate  were  placed  in  special  flasks,  50  ml  of  the  solution  under  test, 
in  a  suitable  concentration,  was  poured  over  and  tlie  mixture  left  to  stand  for  48  hours  with  frequent  shaking. 

After  48  hours  the  flasks  and  their  contents  were  placed  in  a  thermostat  (25"),  after  which  samples  were  removed 
for  analysis.  The  amount  of  calcium  desorbed  was  determined  in  equilibrium  solutions  by  the  exchange  method. 
In  the  case  of  exchange  of  Ca^"''  for  CgHsNH.^  ,  the  equilibrium  concentrations  of  the  latter  were  determined; 
the  determinations  were  carried  out  potentiometrically  by  titrating  with  sodium  nitrite  in  a  hydrochloric  acid 
medium  [3]. 

For  the  case  of  exchange  under  investigation,  the  Gapon  equation  has  the  following  form; 

J_  _ 

a  am  am  lOOGo  —  a 


where  a  is  the  amount  in  milligram -equivalents  of  the  organic  ion  adsorbed  by  10  g  adsorbent  and  is  equal  to 
the  amount  in  milligram -equivalents  of  Ca^"*"  desorbed;  aj^  is  the  maximal  adsorption,  calculated  for  10  g 
adsorbent;  Cq  is  the  initial  concentration  of  the  substituent  ion  (in  milligram-equivalents/ml);  K  is  the  exchange 
constant. 

Experimental  and  calculated  data  are  given  in  Tables  1  and  2. 

The  values  and  K  were  calculated  by  the  method  of  least  squares. 

On  comparing  the  amount  of  desorbed  Ca*  with  the  amount  of  adsorbed  CgHsNH.^  ,  in  fields  of  high 
concentration,  we  observed  a  difference  which  cannot  be  due  to  experimental  error.  Evidently  here  there  is 
apolar  adsorption  of  aniline  hydrochloride,  which  is  shown  to  a  greater  extent  wiih  increasing  concentration  of 
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TABLE  1 

Calculation  of  Capon  Equation  Isotherms  for  ilie  System.:  Ca  Thiorarbonate  +  CHjNHaCl 


Initial  concentration  (Cg) 
CH3NU.VCI  (in  N) 

Amount  of  (a)  desorption 

from  10  g  adsorbent  (in  mg- 
equivalents) 

ill 

1 

0.05 

2.19 

0.3724 

0.458 

0.10 

3.40 

0.1975 

0.292 

0.25 

5.40 

0.0838 

0.185 

0.50 

6.96 

0.0433 

0.146 

0.75 

7.58 

0.0289 

0.132 

l.OOO 

7.98 

0.0217 

0,126 

Note:  am  =  9.6  ±  0.1,  K  =  9.1  ±  0.2,  Oy  =  0.001.  (Oy  is  the  average  square  deviation  for  individual  determin 
ations  of  y)- 


the  solution.  Studying  the  possibility  of  apolar  adsorption  for  calculating  the  exchange  isotherms  [Ca'’"'"]  + 
+  CgifeNH^,  we  started  from  the  relationship  found  for  equilibrium  concentrations: 


a  am  am  lOOC  ’ 


It  is  seen  from  the  preceding  data  that  the  Capon  equation  is  completely  applicable  to  exchange  between 
inorganic  and  organic  ioqs.  This  is  confirmed  by  the  low  values  for  average  square  deviations  of  individual  deter 
minations  and  the  low  average  square  deviations  for  the  average  values  of  the  isothermal  constants  (am.  K). 


TABLE  2 

Calculation  of  Capon  Equation  Isotherms  for  the  System  Ca  Thiocarbonate  +  CgHsNHsCl 


1 

1 

Amount  of  CgHgNH^ 
(C)  adsorbed  by  10  g 
adsorbent  (in  mg- 
equivs.) 

Amount  of  Ca^^ 
(a),  desorbed 
from  10 g  ad¬ 
sorbent  (in  mg - 
equivs.) 

1 

1 

y-T 

Initial  concen¬ 
tration  (Cg)  of 
CgHgNHja  (InN) 

Equilibrium  concen¬ 
tration  (C)  of  CjHsNHgCl 
(in  N) 

ii- 

^  100  c 

0,05 

0,005 

4.5 

4.80 

3.1750 

0.211 

0.10 

0.012 

8.8 

8.48 

1.7159 

0.121 

0.25 

0.110 

14.0 

12.65 

0.2286 

0.078 

0.50 

0,336 

16.4 

14.02 

0.0788 

0.072 

0.75 

0.564 

18.6 

1  14.46 

0.0477 

0.070 

1.00 

0.797 

20.3 

14.88 

0.0342 

0.069 

Note:  a^  =  15.3  ±  0.9,  K  =  0.64  ±  0.17,  Oy  =  0,009. 


The  considerably  higher  adsorption  of  the  aniline  ion  compared  with  the  methylamine  ion  is  explained  by 
its  larger  ionic  radius;  the  radius  of  the  ion  CgHgNHg  (~  7A),  for  example,  is  twice  as  large  as  the  radius 
CH3NH3+  (r.3A). 

SUMMARY 

1.  A  study  has  been  carried  out  of  exchange  sorption  of  organic  cations  of  the  aliphatic  and  aromatic 
series  (methylamine  and  aniline)  on  Ca  thiocarbonate. 
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2.  Application  of  the  Gapon  equation  to  the  adsorption  exchanp,e  reaction  between  calcium  and  organic 
ions  is  confirmed  by  the  satisfactory  state  of  the  conslanis  obtained. 

3.  On  sorption  exchange  between  cab'lnm  Ions  and  aniline,  the  exchange  equivalence  Is  displaced  into 
fields  of  high  concentration;  this  is  probably  explained  by  the  batter  apolar  sorption. 

4.  The  figure  for  the  sorption  exchange  is  markedly  increased  with  increased  size  of  organic  l<‘ns. 
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COMPLEX  FORMATION  OF  ACETAMIDE  AND  BENZAMIDE  WITH 


OTHER  ORGANIC  COMPOUNDS 

N.  D.  Strelnikova 


In  the  literature  connected  with  complex -formation  reactions  of  amides,  there  is  rather  a  lot  of  data  on 
the  characteristics  of  the  reactivity  of  acetamide  and  benzamide.  In  the  case  of  acetamide,  the  complex 
compounds  most  completely  represented  are  with  inorganic  substances  -  salt -formation  products  combined  with 
acids  of  the  type  CHsCONH^.  HNO3  [1]  or  2CH3CONH2 •  HBr.  The  great  amount  of  complex  formation  of  salts 
of  metals  of  practically  all  groups  of  the  periodic  system  is  well  known  where  molecules  of  acetamide  fulfill 
the  function  of  adducts  [2-6].  The  existence  of  the  compound  CH3CONH2*Br2  [7]  has  been  shown  conducto¬ 
metrically.  All  the  substances  enumerated  are  formed  as  the  result  of  combining  acetamide  with  reagents  of 
the  electron -donor  type. 


Organic  complexes  of  acetamide  are  known,  mainly  with  substances  possesing  electron-acceptor  functions. 
Salt-formation  products  of  acetamide  with  tartaric  and  salicylic  acids  [5]  have  been  isolated,  and  were  detected 
by  the  method  of  thermal  analysis  of  compounds  with  acetic,  valeric  and  lauric  acids  having  a  1: 1  composition 
[8].  The  many  compounds  of  acetamide  with  reagents  possessing  a  mixed  type  of  reactivity  are  well  known. 

The  most  completely  established  here  is  the  group  of  phenolic  products.  Acetamide  forms  compounds  with  a 
1: 1  composition  with  pyrocatechol,  hydroquinone,  0-naphthol,  and  with  phenol,  CH3CONH2 •  2C5H5OH  [5].  Of 
complexes  with  substances  containing  a  nitro  group,  compounds  of  acetamide  with  m-  and  p-nitrophenols  and 
picric  acid,  are  known  [9].  We  did  not  succeed  in  detecting  complex -formation  of  acetamide  with  water,  by 
the  fusion  method  [8].  A  typical  donor  —  nitrosodimethylaniline,  forms  compounds  with  acetamide  which  have 
been  isolated  by  Kremann  [10].  Eutectics  have  been  obtained  by  the  method  of  thermal  analysis  of  binary  systems 
of  acetamide  with  other  organic  compounds  —  hydrocarbons,  alcohols,  ketones  [11,  12]. 


Complex -formation  of  benzamide  has  been  studied  to  a  slight  extent.  In  this  connection,  cases  of  formation 

O  HX 

of  complex  compounds  with  halogan  hydrides  of  probable  structure  CgHsC  ^  ’’  [5],  with  metallic  halides 

NH2 

and  with  a  very  small  number  of  organic  acids,  are  also  known;  for  example,  products  have  been  isolated  by 
linking  high  melting  point  acids  with  m-  and  p-hydroxybenzoins  [5].  Compounds  have  been  detected  with  benzoic 
acid  [12].  Complex -formation  products  of  benzamide  with  phenol,  of  composition  1 : 1,  are  known,  with  hydro¬ 
quinone  (2 : 1),  m-  and  p-nitrophenols  (1:1)  [5]. 


It  is  concluded  from  these  data  that  acetamide  and  benzamide  possess  electron -donor  reactivity.  Great 
interest  is  attached  to  a  study  of  complex -formation  of  acetamide  and  benzamide  with  substances  displaying 
only  an  electron-donor  function. 

In  order  to  decide  the  question  of  the  type  of  reactivity  possessed  by  acetamide  and  benzamide,  investiga¬ 
tions  were  carried  out  on  forty  binary  systems.  In  twenty  systems,  acetamide  complex -formation  was  studied  and 
in  twenty  —  benzamide.  Organic  substances  with  acknowledged  electron -donor  function  (p-toluidine,  benzidine, 
naphthylamine,  diphenylamine)  definite  acceptors  (benzoic,  adipic,  stearic  acids),  compounds  with  a  mixed  type 
of  reactivity  -  amides  (carbamide,  thiocarbamide),  j^enols  (phenol,  pyrocatechol,  resorcinol,  hydroquinone, 
a  -  and  0  -naphthols)  and  nitro  compounds  (p-nitrotoluene,  a  -nitronaphthalene)  were  studied  as  the  second  com¬ 
ponent  of  the  system. 
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Acetamide,  twice-distilled,  dried  and  stored  over  P205,  was  used  for  the  work.  It  melted  at  82®.  Benzamide 
was  purified  by  repeated  recrystallization  from  a  hot  solution,  the  pure  preparation  melted  at  128®.  Purification 
of  the  remaining  substances,  tests  for  authenticity  and  purity,  were  carried  out  by  the  usual  methods.  The  purity 
or  the  phenols  was  again  controlled  by  the  method  of  B.  V.  Tronov  and  L.  P.  Kulev  [12-15],  disclosure  of  con¬ 
tamination  by  the  usual  methods  not  being  suitable.  After  purification,  all  the  compounds  had  compositions  and 
constants  close  to  those  indicated  in  the  literature.  The  investigations  were  carried  out  by  the  thermal  analysis 
methixl.  The  niethr>d  of  carrying  out  the  tests  was  the  tisual  one  [12-16], 


1  _ ■  I 

WO  80  60  ^0  20  0 

CHjCONH^  (CgHgl^MH 


Fig.  1.  Fusibility  of  the  system 
acetamide  -diphenylamine. 


In  the  majority  of  the  systems  with  acetamide,  eutectics  of  varying 
composition  were  discovered,  with  a  variety  of  melting  points  (acetanilide, 
pheiiacetin.p-toluidine,  a  -  and  6-  naphthylamines,  benzamide,  carbamide, 
organic  acids).  A  definite  maximum  was  disclosed  on  the  fusion  diagram 
for  acetamide— diphenylamine,  indicating  the  formation  of  a  chemical 
compound  (1:1)  (Fig.  1).  In  systems 'consisting  of  p-nitrotoluene  and 
a -nitronaphthalene,  melts  of  the  components  were  not  miscible  among 
themselves. 

With  phenols  -  carbolic  acid,  resorcinol,  pyrocatechol  -  on  studying 
the  fusibility,  only  extreme  points  in  the  diagram  were  obtained  (Fig.  2,  a 
and  2,  b);  v/ithin  the  limits  40-70  mol.^  acetamide  there  is  an  area  of 
transparent,  viscous,  vitreous  solutions  which  solidify  on  cooling.  Crystal¬ 
lization  does  not  set  in  these  systems  even  after  6  months  storage.  In  the 
binary  system  with  hydroquinone,  a  maximum  was  detected  for  a  ratio  of 
the  components  of  1:1. 


m.  p. 


m.  p. 


CHgCONH^ 


Fig.  2.  Fusibility  of  the  system  Fig.  3.  Fusibility  in  the  system 

acetamide  —  resorcinol  (a)  and  acetamide  —  hydroquinone. 

acetamide  —  pyrocatechol  (b). 

In  the  case  of  benzamide,  eutectics  were  obtained  with  acetamide  and  carbamide  for  various  crystallization 
temperatures.  In  the  fusibility  diagram  for  benzamide  -  thiocarbamide  (Fig.  4)  the  compound 

CgHgCONHz  •  2(NH2)2  CS 

was  detected  and  melted  at  138.4®  with  two  eutectics.  Normal  curves  with  one  simple  eutectic  were  given  by 
benzamide.  acetamide,  phenacetin,  p-toluidine,  benzidine,  maphthylamines.  The  result  with  phenols  varied  — 
with  carbolic  acid  there  was  a  eutectic  at  80  mol.  %  of  the  phenol,  resorcinol  (Fig.  5),  gave  a  chemical  com¬ 
pound  melting  at  86.8®  and  two  eutectics.  In  the  case  of  pyrocatechol  we  only  succeeded  in  constructing  the 
lateral  branch  of  the  fusibility  diagram,  since  in  the  area  40-60  mol.  o]o  benzamide,  non -crystallizing  viscous. 
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vitreous  solutions  were  obtained,  which  solidified  on  powerful  cooling.  Hydroqulnone,  a  -  and  6 -naphthols,  gave 
deep  eutectics  with  benzatnidc  in  the  area  50  11101.%  benzatnide.  A  similar  result  v/as  obtained  in  benzamide 
systems  with  nitro  compounds  and  organic  acids. 

The  capacity  of  amides  to  form  salts  with  acids,  complex  and  Intracomplex  compounds  [41  with  salts  of 
metals,  indicates  the  better  electron-donor  properties  of  acetamide  and  benzamide  these  being  expressed  more 
strongly  for  acetamide  tlian  for  benzamide.  Complex  compounds  of  acetamide  are  more  numerous,  more  varied 
in  composition  and  more  stable.  Many  of  them  have  been  isolated  in  the  free  state.  In  the  literature  [9],  complex 
formation  of  acetamide  and  benzamide  with  phenols,  has  been  mentioned  and  has  been  confirmed  by  our  investi¬ 
gations.  On  Interaction  with  phenols,  acetamide,  as  Is  to  be  expected,  was  shown  to  be  more  reactive  than 
benzamide.  In  the  system  acetamide— hydroqulnone,  the  incongruently  melting  compound  CHsCONH^* 

(Fig.  3),  is  noted  on  the  fusibility  curve.  In  systems  with  resorcinol  and  pyrocatechol,  in  the  area  for  c  ompound 


m  80  60  40  20  0 

CgHjCONH^  (NH^)^CS 


Fig.  4.  Fusibility  in  the  system  Fig.  5.  Fusibility  in  the  system 

benzamide  — thioc  arbamide.  benzamide  —resorcinol. 

formation  detected  by  Kremann  and  Wenzig,  we  obtained  vitreous  solutions,  which  solidified  much  earlier  than 
the  compounds  detected  [17],  of  composition  1:1;  In  the  case  of  phenol  and  acetamide,  the  area  of  these  viscous, 
vitreous  solutions  corresponds  to  a  composition  of  the  complex  compound,  of  2: 1,  also  detected  earlier  by  Kremann. 
For  benzamide,  we  obtained  complex  compounds  with  resorcinol  (1: 1)  (Fig.  5)  similar  to  the  date  of  Kremann  [9] 
with  pyrocatechol,  also  in  the  form  of  vitreous  solutions.  In  the  case  of  phenol,  hydroqulnone,  a~  and  0 -naphthols, 
eutectics  were  obtained  which  did  not  permit  of  any  conclusions  as  to  the  presence  in  the  systems  of  chemical 
interaction.  However,  all  the  facts  relating  to  compounds  of  acetamide  and  benzamide  with  phenols  do  not  give 
a  definite  basis  for  judging  the  type  of  reactivity  of  amides,  since  phenols  display  complex -formation  of  a  mixed 
type  [4].  Only  one  chemical  compound  has  been  indicated  in  the  literature,  of  acqtamide  with  an  electron- 
donor  reagent  —  nitrosodimethylaniline  [10].  We  have  mentioned  the  second  case  of  such  a  reaction;  formation  of 
complex  compounds  with  diphenylamine.  Thus,  acetamide  undoubtedly  possesses  a  double  type  of  reactivity. 

In  the  case  of  benzamide,  complex  compounds  have  not  been  detected  with  thiocarbamide  and  resorcinol. 
With  the  other  compounds  -  naphthylamines,  benzidine,  p-toluidine,  acetanilide,  phenacetin,  only  eutectics  have 
been  found;  on  the  basis  of  the  thermal  data  studied,  it  follows  that  conclusions  can  only  be  made  about  the 
electron -donor  properties  of  benzamide. 

SUMMARY 

1.  There  have  been  studied  by  the  thermal  method  of  analysis,  40  binary  systems,  composed  of  the  simplest 
amide  representatives,  acetamide  and  benzamide  and  organic  compounds  with  a  definite  type  of  reactivity: 
amides,  phenols,  nitro  compounds,  carboxylic  acids. 

2.  In  eight  systems,  chemical  interaction  was  detected. 

3.  From  a  comparison  of  the  data  obtained  it  is  seen  that  acetamide  has  a  mixed  type  of  reactivity,  with 
a  predominant  electron -donor  function. 
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4.  Benzamide  has  an  electron -donor  type  of  activity. 
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STUDY  OF  INTERACTION  OF  ACETAMIDE  WITH  PHENOLS  BY 


PHYSICOCHEMICAL  METHODS  OF  ANALYSIS 
Z.  K.  Dzhelomanova,  N.  Z.  Rudenko  and  D.  E.  Dionisyev 


Continuing  our  investigations  in  the  field  of  Interaction  of  acetamide  with  acids  [1]  in  the  present  work 
we  studied  a  series  of  systems  formed  by  acetamide  and  some  phenols,  with  the  object  of  finding  out  how  the 
introduction  of  hydroxy  and  nitro  groups  into  the  phenol  inolecule  affects  the  character  of  chemical  Interaction 
with  acetamide. 

In  connection  with  the  above  we  studied  by  physicochemical  methods  of  analysis  (fusibility,  density,  vis¬ 
cosity  and  electrical  conductivity),  binary  systems  of  acetamide  with  phenol,  pyrocatechol ,  resorcinol,  hydro- 
quinone,  o-,  m-  and  p-nitrophenol,  2,  4-dinitrophenol  and  2,  4,  6-trinitrophenol. 

The  method  of  investigation  was  as  formerly  [2], 

In  the  work  the  concentrations  are  everywhere  expressed  in  molecular  percentages  .the  viscosity  in  centi- 
poises. 


EXPERIMENTAL 

Purification  of  the  basic  component  —  acetamide,  was  carried  out  exactly  as  before  [1];  m.  p.  79.4*, 
d^  0.9990  and  tj*®  1.61. 

The  system  acetamide— phenol  was  studied  by  the  Kremann  and  Wenzing  fusion  [3].  They  established 
the  formation  of  the  compound  CH3CONH2 •  2C8H5OH .  We  repeated  the  fusion  study  and  also  the  investigation 
of  density,  viscosity,  electrical  conductivity  at  65,  75  and  85*.  Phenol  was  purified  by  the  method  described 
earlier  [2]  and  had  a  m.  p.  41®.  On  investigating  the  fusibility,  we  obtained  several  different  results.  The  fusi¬ 
bility  curve  consists  of  three  crystallization  branches:  two  ~  of  the  pure  components, and  one  —  the  compound 
CH3CONH2 •  2C5H5OH.  Eutectic  points  of  composition  55  and  10  mol.  ojo  acetamide.  m.p*of  29  and  30.2* 


Fig.  2.  Density  and  electrical  conductivity  of 
the  system  acetamide —phenol. 


Fig.  1.  Fusibility  and  viscosity  systems  of 
acetamide  —phenol. 
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(according  to  Kreniann;  46  and  8  mol.  <'Jo  acetamide,  m.p.  of.  27  and  27.5“XFiR.  3).  Melting  point  of  compound 
42.5*  (according  to  Kremann;  40.8®).  Viscosity  isotherms  were  slightly  convex  to  the  composition  axis  (Fig.  1). 

The  density  curves  were  convex  from  the  composition  axis  (Fig.  2).  Electrical  conductivity  increases  with  in¬ 
crease  in  acetamide  conc-entration  and  at  a  temperature  of  85*  passes  through  a  maximum  In  the  region  of  90  moli^o 
acetamide  and  then  falls.  The  value  of  the  electrical  conductivity  at  the  maximum  point  is  2.5  times  as  large 
as  the  electrical  conductivity  of  acetamide  (Fig.  2). 

System  acetamide —pyrocatechol.  An  attempt  at  a  study  of  this  sytem  was  made  by  Kremann  and  Auer  [4], 
with  reference  to  fusibility,  a  total  of  3  melting  points  being  obtained. 

We  studied  the  present  system  with  reference  to  viscosity,  density  and  electrical  conductivity  at  80,  95  and 
110*  and  also  for  fusibility. 

For  the  work  we  purified  pyrocatechol,  resorcinol  and  hydroquinone  as  before  [5].  Pyrocatechol  had  a 
rn.  p.  105*. 

The  fusibility  curve  consists  of  three  parts:  two  of  the  pure  components,  and  one  —  an  Incongruently  melt¬ 
ing  compound  (Fig.  3).  A  eutectic  point  at  46  mol.  %  acetamide  and  26®,  transition  point  at  74  mol.  <7o  acetamide 
and  37,6*.  The  viscosity  curves  (Fig,  3)  were  convex  from  the  composition  axis,  just  as  in  the  case  of  the  density 
curves  (Fig.  4),  Electrical  conductivity  isotherms  (Fig.  3)  have  a  definite  maximum  in  the  region  of  80  mol.  ’’Jo 
acetamide. 

System  acetamide— resorcinol  was  studied  earlier  for  fusibility,  very  superficially  (2  points)  [4]. 

VvTe  studied  fusibility,  also  viscosity,  density  and  electrical  conductivity  in  the  system  at  95,  105  and  115*. 
Resorcinol  had  a  m.  p.  110*. 

It  was  not  possible  to  obtain  a  complete  fusibility  curve  since  in  the  region  from  70  to  40  mol,  %  acetamide, 
mixtures  are  not  capable  of  crystallization.  The  use  of  primers,  vigorous  mixing  and  intense  cooling  did  not 
give  positive  results.  On  cooling  to  —  20*  the  solid  vitreous  mass  became  brittle. 


Fig.  3.  Fusion  and  electrical  conductivity  in  Fig.  4.  Density  and  viscosity  in  the  system 

the  system  acetamide -pyrocatechol.  acetamide  — pyrocatechol. 

The  viscosity  isotherms  in  the  system  (Fig.  6)  are  slightly  convex  to  the  composition  axis;  with  increasing 
temperature  they  straighten  out.  The  electrical  conductivity  isotherms  (Fig.  5)  show  their  own  regularly  des¬ 
cending  curves  slightly  convex  to  the  composition  axis. 
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Fig.  5.  Fusion  and  electrical  conductivity  in  Fig.  6.  Density  and  viscosity  In  the  system 

the  system  acetamide— resorcinol.  acetamide -resorcinol. 


The  system  acetamide— hydroquinone.  With  reference  to  this  system,  Kremann  and  Auer  obtained  3 
points  [4].  We  studied  the  fusibility  and  also  the  viscosity,  density  and  electrical  conductivity  of  various  com¬ 
positions  of  this  system  at  135,  145  and  155*.  Hydroquinone  melts  at  171*. 

In  Fig.  7  the  fusibility  curve  is  illustrated  and  consists  of  three  crystallization  branches:  two  —  for  the  pure 
components  And  one  -an  incongruently  melting  compound.  The  eutectic  point  at  83  mol.  acetamide  and 
65",  transition  point  at  50  mol.  %  acetamide  and  100*.  Viscosity  isotherms  (Fig.  8)  suddenly  rise  from  the  vis¬ 
cosity  of  acetamide  and  have  a  slight  convexity  to  the  composition  axis.  Density  isotherms  (Fig.  8)  are  slightly 
convex  from  the  composition  axis.  Electrical  conductivity  Isotherms  (Fig.  7)  as  for  the  previous  system,  are 
convex  to  the  composition  axis. 

Systems  with  nitro{j[ienols  were  studied  by  us  only  with  reference  to  fusibility.  It  should  be  mentioned 
that  the  systems  acetamide— o-,  m-  and  p-nitrophenol  were  studied  only  very  superficially  (at  3  points),  by 
Kremann  and  Auer  [6],  Purification  of  the  components  was  as  described  previously  [7],  The  melting  point  of 
o-nitrophenol  was  44.3",  m-nitrophenol  96.4*,  p-nitrophenol  113.2",  2,4-dinitrophenol  114.7",  2,4,6-dinitrophenol 
121.8*. 


Fig.  7.  Fusion  and  electrical  conductivity  of  Fig.  8.  Density  and  viscosity  of  the  system 

the  system  acetamide— hydroquinone.  acetamide— hydroquinone. 
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System  acetamide  — o-nltropheiiol.  Fusibility  curve  (Fig.  9)  has  2  crystallization  branches  of  the  pure  com 
ponents,  A  eutectic  point  at  15  mol.  %  acetamide  and  39.5". 

System  acetamide -m-nitrophenol.  Fusibility  curve  (Fig.  9)  has  3  branches:  two  crystallization  branches 
of  the  pure  components  and  a  branch  —  congruent  melting  compound  CH^CONH^*  m-CglUNOjfOH)  m.  p.  43.1". 
Eutectic  points  at  69  and  38.5  mol.  <7o  acetamide  and  47  and  47.8*. 

System  acetamide  — p-nltrophenol.  Fusibility  curve  (Fig.  9)  has  3  crystallization  branches,  melting  point 
of  congruent  melting  compound  95*.  Eutectic  points  at  87  and  29  mol.  acetamide  and  65  and  78*.  The  com¬ 
position  of  the  compound  corresponds  to  the  formula 


CH3CONH2  •  p-QH4N02(0H). 


System  acetamide -2,  4-dinotrophenol.  Fusibility  curve  (Fig.  10)  consists  of  two  crystallization  branches 
of  the  pure  components.  Eutectic  point  of  composition  76  mol.  <7o  acetamide,  m.  p.  60*. 

System  acetamide -2,  4,  6-trinitrophenol  (Fig.  10)  has  3  crystallization  branches:  two  -  of  the  pure  com¬ 
ponents,  and  one  incongruently  melting  compound.  Eutectic  point  at  79  mol.  %  acetamide  and  39*  and  trans¬ 
ition  point  at  56.5  mol.  %  acetamide  and  68.8*. 

It  should  be  mentioned  that  we  did  not  succeed  in  obtaining  acetamide  plcrate  [8]  described  in  the  liter¬ 
ature,  m.  p.  117.8*.  From  saturated  aqueous  solutions,  picric  acid  comes  down.  From  saturated  alcoholic  solu¬ 
tions,  yellow  prismatic  crystals  come  down  which  decompose  above  287*.  They  may  be  recrystallized  from 
water  without  decomposition. 


DISCUSSION  OF  RESULTS 

In  the  system  acetamide— phenol,  there  was  established  formation  of  the  compound  CH3CONH2 •  2C5H5OH 
by  the  fusibility  method.  Formation  of  a  compound  of  similar  composition  was  established  by  fusion,  for  the 
system  urea— phenol;  however,  this  compound  is  dissociated  so  much  in  the  liquid  phase  that  it  is  not  reflected 
in  the  viscosity  and  electrical  conductivity  curves  [2]. 


Fig.  9.  Fusion  in  the  system  acetamide— o-.  Fig.  10.  Density  of  the  systems  acetamide— 2,  4- 

m-  and  p-nitrophenol,  1)  _m-Nitrophenol,  dinitrophenol,  acetamide— 2,  4,  6-trinitrophenol. 

2)  o-nitrophenol,  3)  p-nitrophenol.  1)  2,  4 -Dinitrophenol,  2)  2,  4,  6-trinitrophenol. 

In  the  system  acetamide  — phenol,  in  the  liquid  phase,  there  is  reflected  chemical  interaction  which  may 
be  seen  in  the  form  of  the  electrical  conductivity  and  density  isotherms.  It  is  true  that  the  form  of  these  iso¬ 
therms  does  not  offer  the  possibility  of  drawing  conclusions  about  the  composition  of  the  compound. 

Introduction  of  a  phenolic  hydroxyl  group  into  the  ortho-position  chailges  the  character  of  the  reaction  of 
pyrocatechol  and  acetamide.  On  the  fusibility  curve  the  formation  of  an  incongruently  melting  compound  is 
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reflected,  on  whose  composition  we  find  it  difficult  to  pass  judgment.  In  all  probability  in  the  compound  with 
one  molecule  of  pyrocatechol,  no  less  than  3  molecules  of  acetamide  are  attached.  Judging  by  the  form  of  the 
viscosity,  density  and  electrical  conductivity  isotherms,  the  chemical  interaction  between  the  components  is 
located  in  the  liquid  phase.  It  is  interesting  that  urea  forms  a  congruent  melting  compound  of  composition 
1  "•  1,  with  pyrocatechol  and,  in  spite  of  the  very  much  higher  temperature  of  the  investigation  carried  out  in 
the  liquid  phase,  this  compound  was  found  to  be  reflected  in  the  viscosity  and  electrical  conductivity  curves  [2]. 

In  the  system  acetamide -resorcinol  in  the  region  from  70  to  40  mol.  %  acetamide,  a  crystalline  mixture 
is  not  formed.  It  may  be  that  if  crystallization  was  possible  in  this  field,  then  the  fusibility  curve  would  reflect 
interaction  just  as  in  the  previous  and  later  systems.  Unfortunately  a  suffuciently  definite  confirmation  of  this 
suggestion  was  not  obtained  on  a  study  of  the  given  system  in  the  liquid  phase.  Chemical  interaction  was  not 
reflected  in  the  electrical  conductivity  isotherms.  Extremely  remarkable  viscosity  isotherms  which  are  convex 
to  the  composition  axis  at  low  temperatures,  straighten  out  with  increasing  temperature  and  the  115*  isotherm 
also  has  a  slight  positive  deviation  from  the  straight  line.  This  circumstance  permits  us  to  think  that  in  the 
liquid  phase  two  processes  proceed  simultaneously  —  dissociation  of  the  associated  component  and  interaction 
between  the  »-omponents.  At  very  low  temperatures,  there  is  a  reflection  of  the  first  process  on  the  viscosity 
curves  and  at  very  high  temperatures,  a  reflection  of  the  second. 

With  some  confirmation  of  interaction  between  the  components,  we  may  judge  the  positive  density  iso¬ 
therms. 

In  the  system  acetamide -hydroquinone.theincongruently  melting  compound  is  reflected  on  the  fusi¬ 
bility  curve  for  which  one  molecule  of  acetamide  is  associated  with  not  less  than  one  molecule  hydroquinone. 
In  the  liquid  phase,  interaction  is  only  reflected  in  the  density  curves.  As  in  the  preceding  system,  urea  forms 
a  more  stable  compound  with  hydroquinons  than  with  acetamide  and  this  is  stable  in  the  liquid  phase  [9,  10]. 

It  should  be  mentioned  that  if  interaction  of  urea  with  diatomic  phenols  takes  place,  with  introduction  of 
a  second  hydroxyl  group  this  would  increase  the  extent  of  the  chemical  reactivity  and  in  the  case  of  acetamide 
this  is  impossible. 

On  introducing  nitro  groups  into  the  piienol  molecule,  the  mobility  of  the  hydrogen— hydroxyl  group  must 
result  in  increasing  chemism  on  reaction  with  acetamide,  and  this  is  whown  by  the  hydrogen  acceptor.  However, 
it  has  been  shown  that  decomposition  of  the  hydroxyl  and  nitro  groups  has  a  great  effect  on  the  character  of  the 
interaction. 

Thus,  in  the  system  acetamide— o-nltrophenol,  we  did  not  succeed  in  reflecting  the  interaction.  In  all 
probability  this  was  linked  with  the  fact  that  hydrogen  of  the  hydroxyl  group  of  o-nitrophenol  is  already  linked 
intramolecularly  with  a  hydrogen  bond. 

m-  and  p-nitrophenols  react  with  acetamide  with  formation  of  a  compound  composition  !'•  1.  The 
stability  of  the  compound  increases  from  m-  to  p-nitrophenol.  It  is  interesting  that  urea  gives  layer  formation 
with  o-nitrophenol  and  p-nitrophenol  and,  like  acetamide,  forms  a  compound  of  composition  1:1,  however  it 
is  less  clearly  defined  [7]. 

In  ths  sytem  with  2,  4-dinitroihenol,  we  did  not  succeed  in  reflecting  chemical  interaction,  at  the  same 
time  in  a  similar  system  with  urea,  a  compound  is  formed  [7].  It  is  evident  that  on  reaction  of  urea  with 
2,  4-dinitrojrfienol,  rupture  of  intramolecular  hydrogen  bonds  takes  place,  at  the  same  time  in  the  case  of  acet¬ 
amide,  the  energy  of  rupture  of  intramolecular  hydrogen  is  concerned  more  than  the  energy  of  formation  of 
the  corresponding  compound.  Even  introduction  of  a  third  nitro  group  in  the  molecule  of  2,  4,  6-trinitrophenol 
resulted  in  only  a  slight  reaction  with  acetamide,  as  in  this  caseanincongruently  melting  compound  is  formed; 
like  urea,gives  a  picrate,  m;  p.  150.0®  [7]. 

The  results  of  the  comparison  of  interaction  of  acetamide  and  urea  with  nitrophenols  may  be  due  to  the 
fact  that  urea  is  more  strongly  basic  than  acetamide. 

SUMMARY 

1.  Fusibility,  viscosity,  density  and  electrical  conductivity  have  been  studied  of  systems  formed  by 
acetamide  with  phenol,  pyrocatechol,  resorcinol,  hydroquinone  and  fusibility  systems  of  acetamide  and  o-, 
m-  and  p-nitrophenol,  2,  4-dinitr<jphenol,  2,  4,  6-trinitrophenol. 
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2.  The  presence  of  chemical  interaction  in  the  system  acetamide -phenol,  has  been  established,  v/ith 
formation  of  the  compound  CHsCONHj*  2CJH5OH. 

3.  The  presence  of  chemical  interaction  has  been  established  in  the  systems  acetamide  with  pyrocatechol, 
resorcinol  and  hydroquinone. 

4.  Chemical  interaction  was  not  detected  in  the  systems  acetamide  with  o-nitrophenol,  2,  4-dinitrophenol. 

5.  Chemical  interaction  has  been  established  in  the  systems  acetamide  with  m-  and  p-nitrophenol  and 
2,  4,  S-trinitrojAenol.  The  congruently melting  compounds 

CHjCONH2*m-C5H4NOj(OH)  and  CHsCONH2-p-CeH4N02(OH). 
have  been  detected. 
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PHYSICOCHEMICAL  ANALYSIS  OF  BINARY  SYSTEMS  FORMED  BY 


ACETAMIDE  WMTH  ORC,  ANIC  ACT  IDS 

III.  DENSITY.  VISCOSITY  AND  ELECTRICAL  CONDI JCTIVn’Y  OF  THE 
SYSTEM  ACETAMIDE-TRICHLOROACETIC  ACID 

Yu.  I.  Bokhovkina  and  I,  M.  Bokhovkin 


The  present  work  contains  the  results  of  an  experimental  study  of  density,  visccjsity  and  specific  electrical 
conductivity  in  the  system  acetamide— trichloroacetic  acid  and  is  a  continuation  of  the  systematic  investigation 
of  reactions  of  components  of  binary  systems  formed  by  acetamide  with  organic  acids. 

Earlier  [1]  it  was  shown  that  introduction  of  an  atom  of  chlorine  into  the  acetic  acid  radical  brings  about 
a  marked  intensification  of  the  chemical  interaction  of  the  latter  with  acetamide.  Naturally,  It  was  to  be  ex¬ 
pected  that  trichloroacetic  acid  —  a  product,  in  the  radical  of  which  hydrogen  has  been  substituted  by  chlorine  — 
would  react  more  vigorously  with  acetamide. 

The  system  acetamide —trichloroacetic  acid  was  studied  by  V.  L.  Albansky  [2]  by  the  thermal  method. 

The  fusibility  curve  obtained  by  him  is  represented  in  the  lower  part  of  Fig.  1.  In  the  system  two  chemical 
compounds  are  formed  of  composition  1 J 1  and  1 : 2  both  with  a  definite  maximum,  at  26  and  29.3*  and  three 
eutectic  points:  1)  at  64.12%  acetamide  and  14.0";  2)  at  41.7%  acetamide  and  20.6*;  3)  at  24.2%  acetamide 
and  22.3*. 

In  tlie  present  investigation  the  density,  viscosity  and  specific  electrical  conductivity  were  measured  by 
the  method  described  in  the  work  [3].  Purification  of  acetamide  was  carried  out  by  recrystallization  from  ether 
and  trichloroacetic  acid  was  purified  by  distillation,  with  final  extraction  in  an  desiccator  over  sulfuric  acid. 

The  solutions  were  prepared  by  weighing  and  the  composition  is  expressed  in  molecular  percentages.  The 
measurements  were  carried  out  at  50,  60  and  70". 

The  results  of  the  density  measurements  are  given  in  Table  1  and  represented  ,jn  the  composition  —  prop¬ 
erties  diagram  (Fig.  1).  The  density  isotherms  are  illustrated  by  their  own  curves  with  a  slight  convexity  to 
the  composition  axis.  The  results  of  the  viscosity  measurements  are  seen  in  Table  2  and  are  illustrated  in 
Fig.  1,  The  viscosity  isotherms  have  a  miximum  at  50*  and  65%  trichloroacetic  acid.  With  increasing  tem¬ 
perature,  up  to  60",  the  viscosity  is  levelled  out  and  displaced  to  the  trichloroacetic  acid  side,  A  similar  charac¬ 
teristic  of  the  viscosity  curves  is  in  accordance  with  the  existing  interpretation  [4],  indicating  chemical  inter¬ 
action  in  the  system. 

The  specific  electrical  conductivity  measurements  are  given  in  Table  3  and  in  Fig.  1. 

All  the  conductivity  isotherms  have  maxima  which  are  displaced  slightly  to  the  acetamide  side  with 
increasing  temperature.  Apart  from  this,  all  the  electrical  conductivity  isotherms  have  an  Inflection  correspond¬ 
ing  to  50%  acetamide.  Another  inflection  is  noted  at  about  70%  trichloroacetic  acid.  We  link  these  inflections 
with  the  existence  in  the  liomogeneous  medium  of  compounds  reflected  in  the  fusibility  diagram  and  correspond¬ 
ing  to  the  component  proportions  of  1 : 1  and  1 : 2. 
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TABLE  1 


Density  In  the  System  Acetamide— Trichloroacetic  Acid 


Content  (mole  %)  | 

Density 

CHjCONH, 

CCI,COOH 

50" 

60"  1 

1 

70" 

70 

30 

1.061 

1.059 

1.057 

68 

32 

1.064 

1.062 

1.060 

62 

38 

1.073 

1.070 

1.068 

60 

40 

1.075 

1.073 

1.070 

55 

45 

1.083 

1.080 

1.078 

50 

50 

1.089 

1.086 

1.084 

45 

55 

1.094 

1.091 

1.089 

40 

60 

1.099 

1.097 

1.094 

38 

62 

l.lOl 

1.098 

1.097 

35 

65 

1.103 

1.100 

1.098 

30 

70 

1.108 

1.105 

1.103 

28 

72 

1.109 

1.107 

1.105 

25 

75 

1.111 

1.109 

1.107 

TABLE  2 

Viscosity  in  the  System  Acetamide— Trichloroacetic  Acid 


Content 

(mole 

Viscosity 

CHjCONH, 

CCl,COOH 

50° 

60° 

70° 

70 

30 

11.40 

6.57 

4.18 

68 

32 

11.64 

6.67 

4.37 

62 

38 

12.55 

7.22 

4.45 

60 

40 

12.87 

7.35 

4.56 

55 

45 

13.51 

7.74 

4.81 

50 

50 

14.11 

8.14 

5.05 

45 

55 

14.77 

8.57 

5.25 

40 

60 

15.33 

8.99 

5.41 

38 

62 

15.34 

9.12 

5.47 

35 

65 

15.38 

9.24 

5.45 

30 

70 

14.82 

9.44 

5.26 

28 

72 

14.37 

9.31 

5.15 

25 

75 

13.62 

9.08 

4.90 

TABLE  3 

Electrical  Conductivity  in  the  System  Acetamide— Trichloroacetic  Acid  and 
of  Reduced  Electrical  Conductivity  at  60" 


Content  (mole  <’Jo) 

Electrical  conductivity 

IC  .10^ 

ICC*  103 

at  60" 

CHjCONH, 

CCIjCOOH 

50° 

60° 

70° 

70 

30 

13.8 

18.6 

26.0 

12.22 

68 

32 

13.8 

19.0 

26.4 

12.67 

62 

38 

14.0 

19.1 

26.5 

13.79 

60 

40 

14.0 

19.2 

25.9 

14.11 

55 

45 

13.7 

18.6 

24.9 

14.39 

50 

50 

13.4 

17.8 

24.3 

14.48 

45 

55 

13.4 

17.4 

24.1 

14.92 

40 

60 

13.6 

17.3 

23.9 

15.55 

38 

62 

13.8 

17.3 

23.8 

15.77 

35 

65 

13.9 

17.2 

23.7 

15.89 

30 

70 

13.9 

17.0 

22.9 

16.04 

28 

72 

14.0 

16.7 

22.3 

15.54 

25 

75 

13.4 

15.9 

21.0 

14.43 

0  20  W  SO  80  WO 

CH^  CONH^  mole 


Fig.  1.  Fusibility  (below),  density  (d), 
electrical  conductivity  (k)  and  viscosity 
(tj)  in  the  system  acetamide —trichloro¬ 
acetic  acid. 


Fig.  2.  iteduccd  electrical  conductivity  (Kjj ) 
and  temperature  coefficients  of  electrical  con¬ 
ductivity  (a)  and  visc(jsity  (0)  in  the  system 
acetamide— trichloroacetic  acid. 

The  viscosity  and  electrical  conductivity  tem¬ 
perature  C(.)efficients  were  calcuiated  (by  the  formula 
indicated  in  the  work  [3]  ).  The  data  are  represented 
in  Table  4  and  Fig.  2.  The  curve  showing  relationship 
between  electrical  conductivity  temperature  coefficient 
and  composition  is  the  reverse  of  the  course  of  the  curve 
for  the  viscosity  temperature  coefficient. 


TABLE  4 

Temperature  Coefficients  of  Electrical  Conductivity 
(ot)  and  Visc;osity  (0 ) 


Content  (mole  ‘jfo)  | 

a 

P 

CHjCONH, 

CCIjCOOH 

50— fi0° 

50-60“ 

70 

30 

2.96 

—5.36 

68 

32 

3.17 

-5.41 

62 

38 

3.08 

—5.38 

60 

40 

3.13 

—5.46 

55 

45 

3.03 

-5.42 

50 

50 

2.82 

—5.28 

45 

55 

2.59 

-5.27 

40 

60 

2.39 

-5.21 

38 

62 

2.25 

-5.10 

35 

65 

2.12 

—4.97 

30 

70 

2.00 

-4.44 

28 

72 

1.76 

-4.25 

25 

75 

1.70 

-4.01 
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In  order  to  study  tlie  iiillneiH  e  of  viscosity  on  electrical  condnctivity,  v/e  calculated  die  reduced  electrical 
conductivity  (Table  3.  ITf'.  2).  the  ciiive  not  differing  very  inucli  from  die  usual  one,  with  composition.  At  first 
it  rises  with  concentration  of  trichloroacetic  acid,  at  at  etamide  there  is  a  sudden  inflection,  then  the  course 
of  die  electrical  condnctivity  increases  again,  readies  a  maximum  and  suddenly  falls  with  further  Increase  in 
trichloroacetic  acid  concentration.  Prorn  the  inflection  in  the  electrical  condnctivity  curve,  we  consider  a  com¬ 
pound  is  formed  with  a  ratio  of  components  1  ’•  1. 

An  investigation  of  the  system  acetamide —trichloroacetic  acid  shows  that,  for  complete  snbstutution  of 
hydrogen  in  the  acetic  acid  radical,  by  chlorine  atoms,  the  prtK  ess  of  formation  of  more  stable  compounds  goes 
further  than  in  the  system  acetamide  — monochloroacetlc  acid.  The  stability  of  formation  of  compounds  with 
components  in  the  ratio  1 : 1  as  well  as  in  the  proportion  1  : 2,  is  shown  in  the  viscosity  curves  and  particularly 
in  the  electrical  conductivity  curves  in  the  form  of  more  abrupt  inflections. 

Increasing  stability  of  chemical  compounds  of  acetamide  with  chlorine  derivatives  of  acetic  acid,  with 
increase  in  chlorine  content  apparently  results  in  an  increase  in  electrical  conductivity  dissociation,  the  con¬ 
stants  of  which  increase  from  acetic  to  trichloroacetic  acid;  the  dissociation  constant  of  acetic  acid  is  1.86*10”®, 
of  monochloroacetic  160*  10'®,  trichloroacetic  acid  30,000*  lO'^  [4]. 

SUMMARY 

1.  Density,  viscosity  and  specific  electrical  conductivity  have  been  investigated  in  the  system  acetamide  — 
trichloroacetic  acid,  at  50,  60  and  70*. 

2.  Density  isotherms  show  their  own  specific  curve  with  slight  convexity  to  the  composition  axis,  illustrated 
by  the  course  of  the  system  discussed,  apparently  linked  with  chemical  Interaction  of  components. 

3.  Viscosity  Isotherms  have  a  maximum  which  is  smootlied  out  with  increasing  temperature  and  displaced 
to  the  side  of  trichloroacetic  acid.  We  consider  formation  of  this  maximum  to  be  linked  with  the  existence  of 
the  compound  1 :  2. 

Viscosity  temperature  coefficient  curves  do  not  form  characteristic  Inflections  which  might  be  linked  with 
the  presence  of  compounds. 

4.  Electrical  conductivity  Isotherms  have  Inflections  corresponding  to  compounds  1:1  and  1:2.  The  curve 
for  dependence  of  electrical  conductivity  temperature  coefficient  on  composition  is  the  reverse  of  the  viscosity 
temperature  coefficient  curve  and  does  not  indicate  the  existence  of  definite  compounds  in  the  homogeneous 
melt. 
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Tin:  RCACTFON  or  rOTASSIUM  FLUOBORATi:  WITH  STYRY  LM  AGNKSIUM 
AND  PH  i:  N  Y  I,  A  C  i:  T  Y  I,  I-  N  Y  I,  M  A  G  N  E  S I U  M  B  R  O  M I  D  E  S 


V.A.  S.^zonova  and  N.Ya.  Kronrod 


A.N.  Nesincyanov  et  al.  [1]  investigated  the  reaction  of  KBF^  with  various  organomagnesiuni  compounds  and 
found  that  this  reaction  resulted  either  in  tetraarylboron  salts  or  in  trialkyl-  or  triary Hxiron.  It  seemed  interesting 
to  study  the  reaction  of  potassium  fluoborate  with  unsaturated  organomagnesium  compounds.  We  selected  styryl- 
magnesium  and  phenylacctylenylmagnesium  bromides  as  examples.  Styrylmagnesium  bromide  reacted  with  KBF4 
with  the  formation  of  styrylboric  acid.  In  analogy  with  previously  examined  reactions  it  seemed  likely  that  in  this 
case,  also,  potassium  tetrastyrylboron  would  be  formed  and  decompose  into  styrylboric  acid: 

CeH5CH=CHMgBr-^KBF4  ->  IKBfCH^CHCeHg)*]  C6H5CH=CHB(OH)2. 


N.N.  Melnikov  and  M.vS.  Rokitskaya  [2]  obtained  this  acid  by  the  reaction  of  styrylmagnesium  bromide  with 
isobutyl  borate.  The  authors  did  not  give  the  yield  of  styrylboric  acid;  they  characterized  it  as  bc'.ing  a  colorless 
crystalline  substance  with  m.p.  138-141*  (with  partial  decomposition),  very  easily  decomposed  and  yellowing  even 
on  storage  in  the  dark.  This  data  does  not  corresptutd  with  our  findings:  styrylboric  acid  purified  by  recrystalliza¬ 
tion  from  water  was  quite  stable  and  could  be  kept  in  a  closed  vessel  for  a  long  time  without  change.  The  tendency 
of  styrylboric  acid  to  dehydrate  should  be  noted  among  its  other  properties.  On  being  dried  in  a  vacuum  desiccator 
over  P2O5  for  4-3  hours  the  acid  was  partially  converted  into  the  anhydride. 

The  tendency  of  organoboric  acids  to  dehydrate  had  previously  been  described  by  Michaelis  [3]  who  prepared 
phony Iboric  and  other  anhydrides.  The  process  of  anhydride  formation  is  considerably  accelerated  by  heating  [4]. 
Anhydrides  may  Ixa  obtained  in  a  pure  form  by  prolonged  heating  of  the  corresponding  acid  above  the  melting  point 
or  by  the  use  of  dehydrating  agents  (P2O5  [5],  cone.  H2SO4  [3],  CaS04  [6]  and  SOCI2  f7]). 

We  used  anhydrous  ferric  chk>ride  for  rhe  dehydration  of  styrylboric  acid.  Anhydride  formation  started  im¬ 
mediately  on  adding  a  saturated  ether  solution  of  FeCl3  to  an  ether  solution  of  styrylboric  aeid.  This  method  re¬ 
quired  neither  vacuum  apparatus  nor  prolonged  heating.  The  styrylboric  anhydride  obtained  was  a  colorle.ss  sub¬ 
stance  which  crystallized  from  ether  as  needles  with  m.p.  149-151". 

Organoboric  anhydrides  are  known  [8]  to  exist  in  the  di-  and  trimer  form.  Cryoscopic  determination  of  the 
molecular  weight  of  tlie  styrylboric  anhydride  in  nitrobenzene  solution  .showed  that  it  existed  in  the  dimer  form. 

Styrylboric  acid  is  analogous  in  its  chemical  properties  to  arylboric  acids.  Thus,  for  example,  on  being 
heated  for  20  minutes  with  mercuric  chloride  in  acetone  solution,  it  quantitatively  gave  styrylmercuric  chloride: 

C„H5CH=CHB(0H)2  CeH5CH=CHHgCl. 

while  a  Iky  Iboric  acids  dealkylate  under  much  more  drastic  conditions  and  the  reaction  does  not  proceed  quantitatively. 
Thus  n-propylmercuric  chloride  was  obtained  in  55%yield  by  heating  n -propy Iboric  acid  [9]  in  aqueous  solution  at 
140-150“  with  mercuric  chloride. 

Furthermore,  on  being  boiled  for  a  short  time  in  aqueous  solution  with  thallium  trichloride,  styrylboric  acid, 
like  arylboric  acids  [2,9],  gave  distyryltha Ilium  chloride  in  847o  yield: 

2C«H6CH=CHB(0H)2  — ^  (C,iH5CH--CH)2TlCl . 
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Ilcncc  llic  siinibrity  of  die  chemical  propi-rrifs  of  styryllxiric  acid  to  those  of  arylboric  acids  furnishes  an¬ 
other  cx.itnplc  in  the  study  of  vinyls. 

Ill  contrast  lo  the  rc.tciic'ii  of  potassium  fliioborate  will)  siyrylmagncsiiim  bromide  described  above,  phenyl- 
acetyleny Imagiu'.sliim  bromide  reacted  with  KOI  4  wirli  ilie  formation  of  ammonium  tctraplienylacetylenylboron: 

C„Hr,C=CMgBr  KBF4  [KB(C=  NM4B(C-CC„Hr,),. 

It  seems  likely  that  liere  also  the  potassium  salt  is  formed  first  and  is  converted  by  NII4CI  into  the  ammoni¬ 
um  salt.  The  latter  crystalli/A'.s  from  water  as  a  crystal  hydrate  (with  one  molecule  of  water).  The  compound  is 
less  heat -stable  than  pt^rassium  tetraphenyllxiron  and  ptitassium  tetra -(p-tolyl) -boron  and  darkens  when  heated  to 
2iy-220*. 


Ammonium  tetrapheny lacety leiiylboron  in  an  alcohol  solution  was  decomposed  almost  quantitatively  by 
amtnohiacal  cuprous  chloride  solution  with  the  formation  of  yellow  copper  pheny lacety lidc.  An  alkaline  solution 
of  mercuric  iodide  decomposed  ammonium  tetrapheny lacetylenylboron  to  give  diphenylacetylenylmercury,  the 
yield  ('f  which  (as  well  as  that  of  copper  phenylacetylide)  confirmed  the  presence  in  this  salt  of  four  pheny lacctyl- 
ene  gmups. 

like  other  tettaarylboron  salts  investigated,  ammonium  tetraphenylacetylenylboron  has  the  properties  of  a 
typical  salt:  it  is  soluble  in  hot  water  and  alcohol,  insoluble  in  benzene  and  carbon  tetrachloride  and  undergoes  ion 
exchange  reactions  easily. 


Thus  N-ethylpyridine  tetraphenylacetylenylboron  was  obtained  in  97%  yield  by  combining  alcohol  solutions 
of  ammonium  tetraphenylacetylenylboron  and  N-ethylpyridine  bromide: 


[01 

Br  -+-  NH4B(C=CCgH5)4  — > 

1 - 

1 _ 

N 

1 

_C,H5_ 

_  C2H6  J 

_ /Cr^CCeHs 
B<C=CC„H6 
^C=CCoH6 
^C=CCaH6 


This  salt  is  a  colorless  substance  which  decomposes  at  180-190*,  crystallizes  from  alcohol  as  needles,  is  eas 
ily  soluble  in  acetone,  nitromethane  and  nitrobenzene,  and  is  insoluble  in  ether  and  benzene. 

The  reaction  of  aqueous  solutions  of  ammonium  teuaplieny lacetylenylboron  and  freshly  prepared  triethylox- 
onium  fluoborate  produced  triethyloxonium  tetraphenylacetylenylboron: 


(C2H5)30BF4  -f-  NH4B(C=CCoH6)4 


C2H5\+  - 

^H6^0B(C=CC,H6)4, 


which  is  a  colorless  crystalline  substance  with  m.p.  58-62*  (with  decomp.),  soluble  in  nitromethane  and  nitroben¬ 
zene  and  insoluble  in  water,  ether  and  benzene.  In  contrast  to  the  rather  stable  trietliyloxonium  tetraphenylboron 
(m.p.  115-116"),  trietliyloxonium  tetraphenylacetylenylboron  is  extremely  unstable,  decomposing  completely  sev¬ 
eral  hours  after  formation,  like  other  oxonium  salts,  this  salt  has  the  power  of  alkylation.  Dissolving  it  in  pyridine 
by  heating  resulted  in  the  formation  of  N-ethylpyridine  tetraphenylacetylenylboron. 

EXPERIMENTAL 

Styrylborlc  acid.  A  solution  of  25g  of  ui-bromostyrene  in  10  ml  of  absolute  etlier  was  slowly  added  with  vig¬ 
orous  stirring  to  an  ether  suspension  of  17.2  g  of  KBF4  and  4.98  g  of  magnesium  in  60  ml  of  absolute  ether. 

When  the  reaction  began  a  further  40  ml  of  ether  was  added  to  the  reaction  mixture.  After  the  addition  of 
all  the  oi-bromostyrene  the  reaction  mixture  was  stirred  for  one  hour  and  then  was  poured  into  ice  cooled  dilute 
(1 : 10)  acetic  acid  and  urueacted  magnesium  was  filtered  off.  The  ether  layer  was  separated,  washed  with  water 
and  then  was  treated  four  times  with  2  N  NaOH.  The  combined  alkaline  extracts  were  washed  with  ether  and  were 
acidified  with  ice  cold  cone.  HCl;  styrylborlc  acid  was  thus  precipitated.  After  standing  in  ice  for  four  hours  the 
precipitate  was  filtered  off,  washed  with  water,  and  dried.  The  mother  liquor  was  extracted  with  ether.  The  ether 
was  evaporated  and  the  residue  was  styrylborlc  acid.  Yield  1.28  g  (25')5^  of  styrylborlc  acid.  The  mateiial  was  re- 
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crystallized  from  water  (part  of  the  acid  be.ing  hydrolyzed),  dried  over  II2VSO4;  m.p.  129*  determined  in 
a  sealed  capillary  lowered  into  a  preheated  apparatus. 

round')'*’:  B  7jt2,  CglljfKtj.  Caleulatcd'yo:  B  7J11. 

Styrylboric  acid  is  a  colorless  crystalline  substance,  stable  when  kept  in  a  closed  vessel.  On  prolonged 
drying  in  a  vacuum  desiccator  over  ^2^5  acid  was  partially  dehydrated;  it  was  readily  soluble  in  ether  and 
acetone,  with  difficulty  in  cold  benzene,  petroleum  ether  and  cold  water. 

Styrylmerciiry  chloride.  A  solution  of  0.2  g  of  styrylboric  acid  in  acetone  mixed  with  a  solution  of  0.74  g 
of  mercuric  chloride  in  acetone  was  heated  for  20  minutes  and  then  poured  into  water.  The  precipitate  was 
filtered  off,  carefully  washed  with  water,  and  dried.  Yield  0.44  g  (lOO'^o)  of  styrylmercury  chloride  with  m.p. 
214*.  After  recrystallization  from  alcohol -acetone,  m.p.  216.5-217.5*. 

Literature  data:  m.p.  218*  [10]. 

Found  %:  C  28.54,  28.44;  H  2.24,  2.21.  CgHTHgCl.  Calculated  C  28.32;  H  2.08. 

Distyrylthallium  chloride.  0.47  g  of  styrylboric  acid  was  dissolved  in  25  ml  of  water  by  heating.  To  the 
clear  solution  was  added  an  aqueous  solution  of  0.49  g  of  thallium  trichloride.  A  volumiilous  white  precipitate 
separated  out  immediately.  The  reaction  mixture  was  heated  to  boiling,  then  it  was  cooled  and  the  precipitate 
of  distyrylthallium  chloride  was  filtered  off,  washed  with  water  and  dried.  Yield  0.59  g(84<7o)  (€5115011  = 

=  CH)2T1C1.  After  recrystallization  from  pyridine  m.p.  254*  (with  decomp.). 

Literature  data:  m.p.  253*  (with  decomp.)  [10]. 

Found  %:  C  42.96,  42.75;  H  3.27,  3.46.  Ci6Hi4TlCl.  Calculated  C  43.07;  H  3.16. 

Dehydration  of  styrylboric  acid.  0.2  g  of  styrylboric  acid  was  dissolved  in  the  minimum  amount  of  ether. 
To  the  clear  solution  was  added  a  saturated  ether  solution  of  anhydrous  ferric  chloride  until  crystals  appeared. 
The  reaction  mixture  was  vigorously  shaken  several  times.  The  precipitate  was  filtered  off,  washed  with  ether 
and  dried  in  a  vacuum  desiccator  over  P2O5.  Yield  0.09  g  (47'7o)  of  styrylboric  anhydride  with  m.p.  149-151*. 

The  ether  was  evaporated  from  the  filtrate;  the  residue  was  washed  with  water  until  there  was  a  negative 
reaction  for  ionic  iron,  dried,  and  used  again  for  the  preparation  of  the  anhydride. 

Styrylboric  anhydride  is  a  colorless  crystalline  substance,  readily  soluble  in  acetone  and  alcohol,  diffi¬ 
cultly  soluble  in  ether  and  dissolves  in  water  only  upon  heating. 

Found  B  8.23.  CgllyBO.  Calculated  <7o:  B  8.32. 

M  (in  nitrobenzene)  256.  CigHigBgOg.  Calculated  M  259.8. 

Ammonium  tetraphenylacetylenylboron.  6  g  of  phenylacetylene  was  added  to  an  ether  solution  of  ethyl- 
magnesium  bromide  obtained  from  7  g  of  ethyl  bromide  and  1.4  g  of  magnesium.  The  reaction  mixture  was 
heated  on  a  water  bath  for  two  hours.  Then  1.82g  of  potassium  fluoborate  was  added  to  it  and  heating  was  con¬ 
tinued  for  1.5  hours  with  vigorous  stirring;  after  this  the  reaction  mixture  was  cooled  and  poured  into  a  saturated 
solution  of  NH4CI.  At  the  boundary  of  the  water  and  ether  layers  a  white  precipitate  was  formed.  The  ether 
layer,  together  with  the  precipitate,  was  treated  with  a  concentrated  ammonia  solution  (the  precipitate  was 
slightly  increased  by  this)  and  was  separated  off.  The  precipitate  was  filtered  off,  washed  with  water  and  ether, 
and  dried.  Yield  1.84  g(21%)  of  ammonium  tetraphenylacetylenylboron.  The  material  was  recrystallized  from 
water  (an  insignificant  amount  being  hydrolyzed).  The  crystalline  hydrate  obtained  contained  one  molecule 
of  water  of  crystallization,  NUgBfC  =  CCgH5)4*  HgO.  This  colorless  crystalline  material  was  readily  soluble  in 
alcohol,  acetone  and  dioxane;  difficultly  soluble  in  ether  and  cold  water;  insoluble  in  benzene  and  petroleum 
ether. 

Found  %:  C  85.09,  85.12;  H  6.05,  5.88;  B  2.30,  2.13;  N  2.93,  2.91.  CjgHjgBNO.  Calculated  %: 

C  85.16;  H  5.80;  B  2.39;  N  3.10. 

Decomposition  of  ammonium  tetraphenyla cetylenylborbn  with  an  ammonia  solution  of  cuprous  chloride. 

A  solution  of  0.1532  g  of  ammonium  tetraphenylacetylenylboron  in  5  ml  of  alcohol  was  added  with  vigorous 
shaking  to  20  ml  of  an  ammonia  solution  of  cuprous  chloride  prepared  by  Hein  and  Meyer’s  method  from  0.3  g 
of  CaClg,  1  g  of  hydroxylamine  hydrochloride,  0.48  g  of  NH4CI,  0.5  ml  of  cone.  NH4OH  and  19.5  ml  of  water. 
Over  several  minutes  a  yellow  precipitate  of  copper  phenylacetylide  formed,  which  was  filtered  off,  washed 
with  water,  alcohol  and  ether,  and  dried  to  constant  weight.  Yield  0.2195  g  (98.16'7o)  of  copper  phenylacetylide. 
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Decomposition  of  amiiioiiiuin  tetraphcnylacctylenylhoron  with  mercuric  iodide.  To  an  alkaline  mercuric 
iodide  solution,  prepared  from  0.(53  g  of  mercuric  cliloride,  1.G5  g  of  KI,  1,6  ml  of  water  and  1.2  ml  of  10*70 
NaOH,  a  solution  of  0.23  g  of  ammonium  tetraphcnylacetylenylboron  in  6  ml  of  ethyl  alcohol  was  added  drop- 
wise.  Immediately  a  precipitate  came  down,  which  was  filtered  off,  washed  with  50% alcohol,  and  dried. 

Yield  0.40  g  (97.6%)  of  diphenylacclylenylmercury.  After  recrystallization  from  alcohol,  m.p.  123.5-124.5*. 

Literature  data:  m.p.  125“  [12]. 

N-Ethylpyridine  tetraplienylacetylenylboron.  To  an  alcohol  solution  of  0.63  g  of  ammonium  tetraphenyl- 
acetylcnylboron  was  added  excess  alcohol  solution  of  N-ethylpyridine  bromide.  Immediately  a  voluminous 
white  precipitate  came  down,  which  was  filtered  off,  waslied  with  water  and  alcohol  and  dried.  Yield  0.71  g 
(97%)  of  N-ethylpyridine  tetraplienylacetylenylboron,  which  was  a  colorless  material  crystallizing  from  alcohol 
as  needles  with  decomposition  point  180-190*.  The  material  turned  yellow  in  light,  could  be  stored  for  a  long 
time  in  darkness,  and  was  readily  soluble  in  acetone,  nitromethane,  and  nitrobenzene;  it  was  insoluble  in  water, 
cold  alcohol  and  ether. 

Found  %:  C  88.96,  89.26;  H  5.85,  5.72;  B  2.16,  2.11;  N  2.74,  2.59.  C39H29BN.  Calculated  %:  C  89.05^ 

H  5.59;  B  2.07;  N  2.68. 

Triethyloxonium  tetraplienylacetylenylboron.  0.4  g  of  ammonium  tetraphenylacetylenylboron  was  dis¬ 
solved  in  80  ml  of  water  by  heating.  The  solution  was  filtered  hot  into  a  freshly  prepared  solution  of  0.5  g  of 
triethyloxonium  fluoborate  in  100  ml  of  water,  cooled  in  an  ice -salt  mixture.  Immediately  a  white  precipitate 
was  formed,  which  was  filtered  off,  washed  with  water  and  ether,  and  dried.  Yield  0.27  g  (59%)  of  triethylox¬ 
onium  tetraphenylacetylenylboron. 

For  purification  the  material  was  dissolved  in  nitromethane  and  was  precipitated  by  the  addition  of  ether. 
Coloriess  crystals  were  obtained  with  rn.p.  58-62*  (with  decomp.).  The  material  was  readily  soluble  in  nitro¬ 
methane,  acetone  and  chloroform;  it  was  insoluble  in  water,ether  and  benzene.  It  was  extremely  unstable, 
quickly  turned  yellow,  and  after  a  few  hours  completely  decomposed. 

Found  %:  C  87.37;  H  6.82;  B  1.78.  CjgHjgBO,  Calculated  %:  C  88.02;  H  6.80;  B  2.08. 

Alkylation  of  pyridine  with  triethyloxonium  tetraphenylacetylenylboron.  To  0.1  g  of  triethyloxonium 
tetraphenylacetylenylboron  was  added  3  ml  of  pyridine.  The  salt  dissolved  in  the  pyridine  on  warming.  The 
solution  was  heated  at  60*  for  several  minutes  and  then  water  was  added  to  it  to  precipitate  the  N-ethylpyridine 
tetraphenylacetylenylboron.  The  precipitate  which  separated  was  filtered  off  and  washed  with  water  and  ether. 
Yield  0,09  g  (90%).  The  material  was  recrystalUzed  from  alcohol.  The  salt  obtained  was  identical  in  its  pro¬ 
perties  with  that  described  above,  it  was  easily  soluble  in  nitrobenzene,  nitromethane  and  acetone;  insoluble 
in  water,  ether  and  benzene,  M.p.  180-190°. 

Found  %:  N  2.80,  2.84.  CjgHggBN.  Calculated  %:  N  2.68. 

S  UMMARY 

1.  Styrylboric  acid  was  prepared  by  the  reaction  of  potassium  fluoborate  with  styrylmagnesium  bromide. 

Its  properties  were  investigated. 

2.  The  reaction  of  potassium  fluoborate  with  phenylacetylenylmagnesium  bromide  with  subsequent  de¬ 
composition  of  the  reaction  mixture  with  ammonium  chloride  solution  gave  ammonium  tetraphenylacetylenyl¬ 
boron.  By  exchange  reactions  of  the  latter  with  N-ethylpyridine  bromide  and  triethyloxonium  fluoborate,  N- 
ethylpyridine  tetraphenylacetylenylboron  and  triethyloxonium  tetraphenylacetylenylboron,  respectively,  were 
prepared. 


LITERATURE  CITED 

[1]  A.N.  Nesmeyanov,  V.A.  Sazonova,  G.S.  Liberman  and  L.I.  Emelyanova,  Bull.  Acad.  Sci.  USSR,  Div. 
Chem.  Sci.  1955,  48  (T.p.  41)*. 

[2]  N.N.  Melnikov  and  M.S.  Rokitskaya,  J.  Gen.  Chem.  8,  1768  (1938). 

[3]  A.  MichaeUs  and  P.  Bekker,  Ber.  15,  180  (1882);  27,  250  (1894). 

•T.p.  =  C.B.  Translation  pagination. 


2096 


[4]  K.A.  Koclicskov  and  A.N.  Nesinryanov,  Synthetic  Metliods  in  the  Field  of  Metallourganic  Com 
pounds  of  the  III  Group  of  Elements  (Arad.  Sci.  USSR  Press,  l^Hh). 

[5]  E.  Krause  and  R.  Nitsche,  Ber.  5S,  1205  (1 922). 

[6J  A.B.  Burg,  J.  Am.  Cliem.  Soc.  62,  2228(1040). 

[7]  H.R.  Snyder,  J.A.  Kuck.and  J.R.  Johnson,  J.  Am.  Chem.  Soc.  60,  105  (1938). 

[8]  C.R.  Kinney  and  D.F.  Pontz,  J.  Am.  Chein.  Soc.  58,  197  (1936). 

[9]  F.  Challenger  and  O.V.  Richaerds,  J.  Chem.  Soc.  1934,  405. 

[10]  A.N.  Nesrneyanov.and  T.A.  Kudryavtseva, \Sci.  Reports  Moscow  State  Univ.  1951,  No.  151,  57. 

[11]  F.  Hein  and  A.  Meyer,  Z.  anal.  Chem.  72,  30  (1927). 

[12]  J.V.  Nef,  Ann.  308,  264  (1899). 

Received  September  21,  1955  Moscow  State  University 


2097 


OXONIUM  COMPOUNDS  OF  COMPLEX  ETHERS  WITH  ORGANIC  ACIDS 


III.  THE  SYSTEMS  HCOOCaHj-GHjCOOH  AND  CClaCOOCgHj-CHsCOOH 
M.  Usanovich,  K.  Bilyalov  and  L.  Krasnomolova 


Continuing  the  investigation  Of  oxonium  properties  of  complex  ethers  [1,2],  we  carried  out  viscosity  and 
density  ineasuremcnts  on  the  system 

HCOOCjHj-CHjCOOH 

and  viscosity,  density  and  vapor  pressure  measurements  on  the  system 

CCljCOOCjHs-CHjCOOH. 

The  preparations  had  the  following  constants:  ethyl  formate  b.p.  52“  (688  mm),  ethyl  trichloroacetate  b.p. 
164“  (691  mm)  and  acetic  acid  m.p.  16.67“. 

The  viscosity  and  density  of  the  system  HCOOCaH5~CHaCOOH  were  determined  at  25  ,  40  and  60*.  The  re¬ 
sults  of  the  measurements  are  given  in  Table  1. 

We  were  unable  to  carry  out  measurements  on  the  properties  of  mixtures  with  more  than  70  mole  *^11  of  ethyl 
formate  at  60“,  as  at  this  temperature  the  mixtures  boiled. 


TABLE  I 

The  System  HCOOC2H5-CH3COOH 


Percentage  ether 

on 

Density 

Mol. 

Weight 

25“ 

40“ 

60“ 

25“ 

40° 

60° 

0.00 

0.00 

1.118 

0.905 

0.694 

1.0442 

1.0279 

1.0074 

10.07 

12.15 

0.975 

0.795 

0.624 

1.0267 

1.0095 

0.9893 

20.36 

23.98 

0.846 

0.695 

0.554 

1.0080 

0.9913 

0.9708 

30.00 

34.61 

0.755 

0.627 

0.507 

0.9939 

0.9773 

0.9550 

40.34 

45.49 

0.664 

0.554 

0.461 

0.9785 

0.9617 

0.9415 

49.79 

55.03 

0.608 

0.512 

0.424 

0.9649 

0.9491 

0.9269 

59.78 

64.72 

0.550 

0.466 

0.392 

0.9525 

0.9356 

0.9131 

69.63 

73.89 

0.505 

0.432 

0.365 

0.9384 

0.9226 

0.8974 

80.01 

83.16 

0.459 

0.391 

— 

0.9251 

0.9095 

89.41 

91.25 

0.424 

0.362 

— 

0.9166 

0.8994 

— 

95.03 

95.93 

0.395 

0.340 

— 

0.9004 

0.8924 

— 

100.00 

100.00 

0.378 

0.322 

0.9040 

0.8842 

A  diagram  of  the  viscosity  and  specific  volume  is  given  in  Fig.  1.  The  viscosity  isotherms  are  slightly  convex 
toward  the  composition  axis  along  their  whole  extent.  The  specific  volume  isotherms  indicate  that  there  is  slight 
contraction  in  the  system. 

If  we  follow  the  distribution  of  points  on  the  viscosity  isotherms  starting  from  acetic  acid,  there  is  noticeable 
difficulty  in  drawing  a  smooth  curve  around  to  the  points  showing  the  viscosity  of  ethyl  formate.  As  a  result  of  this 


2099 


we  plotted  log  tj  against  composition  and  were  convinced  that  the  curves  showed  a  definite  inflection  (Fig,  1),  In 
our  opinion,  this  indicates  tlie  presence  of  reaction  between  the  components,  since  for  systems  which  do  not  react, 
such  plots  gave  ns  either  curves  which  arc  smooth  along  their  whoie  length,  or  straight  lines. 

The  density,  viscosity  and  va|H>r  pressure  of  the  system  CCl3CCXX:;H5— CHaCOOH  were  determined.  The  re' 
suits  of  density  and  viscosity  measurements  are  listed  in  Table  2  and  are  shown  graphically  in  Fig.  2. 


TABLE  2 

The  System  CCljCOOCjHs-ClljCOOH. 


Percentage  ether 

Viscosity  (in  centipoises) 

Density 

Mol. 

— 

Weight 

25° 

40° 

60° 

25° 

40° 

60° 

0.00 

0.00 

1.118 

0.905 

0.694 

1.0442 

1.0279 

1.0074 

4.99 

14.38 

1.073 

0.867 

0.675 

1.0750 

1.0580 

1.0380 

7.05 

19.49 

1.068 

0.865 

0.672 

1.0897 

1.0734 

1.0526 

9.99 

26.13 

1.065 

0.863 

0.658 

1.1079 

1.0921 

1.0696 

15.23 

36.43 

1.078 

0.868 

0.678 

1.1356 

1.1201 

1.0966 

19.91 

44.23 

1.088 

0.880 

0.686 

1.1611 

1.1452 

1.1211 

32.80 

57.62 

1.129 

0.910 

0.709 

1.2052 

1.1863 

1.1639 

40.57 

68.53 

1.198 

0.961 

0.742 

1.2434 

1.2259 

1.2009 

59.38 

82.34 

1.282 

1.025 

0.806 

1.2947 

1.2780 

1.2525 

76.61 

91.27 

1.389 

1.107 

0.857 

1.3331 

1.3161 

1.2908 

100.00 

100.00 

1.585 

1.249 

0.931 

1.3834 

1.3644 

1.3377 

As  the  diagram  shows  (Fig.  2),  the  viscosity  isotherms  for  all  the  temperatures  pass  tlirough  a  minimum.  This 
minimum  coincides  approximately  with  10  mole  ctlier;  with  an  increase  in  temperature  the  minimum  becomes 
less  marked  and  is  shifted  toward  acetic  acid.  The  minimum  is  due  to  the  break-up  of  associated  acid  molecules 
by  ether. 


Fig.  1.  Viscosity  (composition  in  molecular  percentage) 
and  specific  volume  (composition  in  weight  percentage) 
of  the  system  IICOOC2H5-CH3COOH. 


Fig.  2.  Viscosity,  vapor  pressure  (composition  in  mole¬ 
cular  percentage)  and  specific  volume  (composition  in 
weight  percentage)  of  the  system  CCl3COOC2H5-CHjC(X)M. 


The  viscosity  diagram  does  not  indicate  chemical  reaction,  but  shows  only  the  break-up  of  associated  acid 
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molecules.  Tlic  specific  voliinv  isoilicrms  (l-ip.  2)  indicate,  an  insignificant  expan.sion,  which  is  also  caused  by 
the  di.ssociaiii'ii  of  icetic  acid  niok  cMles. 

The  results  of  v  ipor  pre-ssiiM’  iiH  a-siireinents  are  listed  in  Table  3. 

The  plot  of  total  and  partial  vapor  pressures  against  composition  (Fig.  2)  shows  that  the  partial  vapor  pressure 
of  the  ether  has  a  negative,  while  that  of  the  acetic  acid  has  a  positive,  deviation  from  Raoult’s  law. 

The  total  vapor  pressure  deviates  pr)sitively  from  the  ideal  case,  although  the  ethyl  trichloroacetate  curve 
indicates  the  presence  of  reaction  in  the  system.  Apparently  this  is  explained  by  the  fact  that  the  process  of  dis¬ 
sociation  of  acid  molecules  predominates  over  the  reaction  process. 

The  combined  data  obtained  lead  to  the  conclusion  that  in  the  system  composed  of  ethyl  ether,  trichloro¬ 
acetic  acid  and  acetic  acid^eaction  between  the  components  takes  place  which,  however,  does  not  show  in  the 
viscosity  diagram  due  to  the  predominance  of  the  process  of  association  of  acid  molecules, 

TABLE  3 

Vapor  Pressure  of  the  System  CCljCOCX32H5-CHjCC)OH. 


Content  of 
CCLCOOCjH. 

Temperature  (upper  figure)  and  vapor  pressure 
(in  mm) 

0.0  1 

1 

41.2 

44.5 

60.0 

64.1 

74.5 

83.5 

37 

45 

93 

110 

171 

249 

20.4  1 

53.5 

57.5 

60.0 

62.5 

68.0 

71.3 

55 

66 

78 

85 

110 

128 

38.4  { 

53.5 

57.5 

60.0 

65.3 

68.3 

71.5 

49 

57 

66 

81 

94 

108 

56.2  { 

46.0 

54.0 

60.0 

64.5 

68.5 

72.0 

29 

43 

56 

65 

81 

96 

65.2  { 

50.3 

55.5 

60.0 

68.0 

71.5 

73.5 

31 

39 

49 

66 

77 

85 

82.4  j 

46.0 

51.5 

56.5 

60.0 

66.0 

70.0 

17 

24 

30 

34 

44 

52 

100.0  { 

60.0 

69.0 

73.5 

79.0 

84.0 

15 

22 

29 

38 

48 

SUMMARY 

The  viscosity  and  density  of  the  systems  HCOOC2H5-CH3C(X)H  and  CCljCOCXIjHs-CHsCCXDH  were  deter¬ 
mined  at  25,  40  and  60*.  The  vapor  pressure  of  the  latter  system  was  also  determined.  The  existence  of  reaction 
was  established  in  the  system  investigated. 
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SYNTHESIS  OF  HYDROCARBONS 

I.VI.  CONVERSION  OF  HYDROAROMATIC  KETONES  INTO  AROMATIC  HYDROCARBONS 
BY  PHOSPHORUS  PENTOXIDE 

R.Ya.  Levina,  Kim  Dyai  Gir  and  V.R.  Skvarchenko 


We  had  previously  discovered  and  investigated  [1-4]  a  new  reaction  leading  to  the  formation  of  aromatic 
hydrocarbons  —  the  action  of  phosphorus  pentoxide  on  tetrahydrophthalic  anhydrides,  the  adducts  of  conjugated  diene 
hydrocarbons  and  maleic  anhydride  and  its  homologs: 


CH-CO 

/\_ 

“CO  p  0 

A 

I  -t- 

11  >0^ 

II  1 

c:h-co 

-CO 

\J 

2CO  ■+■  H2O. 


In  the  present  work,  reaction  with  phosphorus  pentoxide  was  used  to  convert  hydroaromatic  ketones  of  various 
structures  (with  different  positions  of  the  ketone  group  and  double  bond)  into  aromatic  hydrocarbons. 

Thus,  under  the  action  of  phosphorus  pentoxide,  ketones  with  a  A*-cyclohexenyl  radical  (that  is  with  a  double 
bond  in  the  y, 5 -position  to  the  carbonyl  group),  which  are  adducts  of  conjugated  dienes  with  a,d-unsaturated  ketones, 
undergo  keto-enol  rearrangement,  dehydration,  and  transfer  of  the  double  bond  to  the  ring  (the  latter  process  was 
fully  described  earlier  by  one  of  us  [5]),  with  the  formation  of  aromatic  systems:  • 


/\ 

II  1 

-> 

\ 

II 

-0 

1 

70 

II  1 _ CHR 

OH 

OH 

The  adduct  of  divinyl  with  benzalacetone  ~  5 -acetyl-4 -phenylcyclohexene-1  —  was  reacted  with  phosphorus 
pentoxide;  the  reaction  product  —  2-ethyldiphenyl  —  was  obtained  in  22 fo  yield. 


CHC0CH3 

II 

CHCgHg 


/\-C0CH3 


m:^ 

^  \=/ 


The  action  of  phosphorus  pentoxide  on  the  adduct  of  divinyl  and  p-benzoquinone  (bis-butadienequinone)  gave 
a  mixture  of  dihydroanthracenes  (19*70  yield); 


•A. A.  Petrov  and  N.P.  Sopov  recently  described  a  similar  reaction  —  the  dehydration  of  adducts  of  dienes  with  a,6- 
unsaturated  ketones  and  aldehydes  by  heating  with  phosphorus  pentoxide  [6];  the  authors  used  the  same  reaction 
conditions  as  described  by  us  for  tetrahydrophthalic  anhydrides  and  the  same  treatment  of  the  reaction  products  (so¬ 
dium  carbonate,  water;  80% sulphuric  acid  and  water),  but  they  made  no  reference  to  our  work. 
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o 


o 


P,o, 


Isomeric 

dihydroanthracene 


The  rc  iction  of  phosphorus  pentoxide  on  exocyclic  ketones  of  the  cyclohexene  series  was  further  investi¬ 
gated  using  ketones  with  the  double  bond  in  another  position  in  the  ring  (alkyl-A’-cyclohexenyl  ketones  with  the 
double  bond  in  the  a, 0 -position  to  the  ketone  group). 

Methyl -A* -cyclohexenyl  ketone  and  propyl-A'"Cyclohexenyl  ketone  were  used;  the  reaction  between  these 
ketones  and  phosphorus  pentoxide  gave  the  corresponding  alkylbenzenes  (34^0  yield) 


\/ 


CH3COCI 


C3H7COCI 


ZnCh  P,0, 


\/ 

s„ch  (^\C0C,H^ 


\/ 


In  these  reactions  the  formation  of  aromatic  hydrocarbons  was  likewise  due  to  keto-enol  rearrangement  of 
the  original  ketone  with  subsequent  transfer  of  the  multiple  bond  to  the  ring  and  dehydration  of  the  alcohol  pro¬ 
duced,  for  example: 


/VcOCHa 


-CHCH 

I 

'  OH 


3-H,0 


\/ 


l^^-CHgCHg 


It  was  thus  established  that  aromatization  by  phosphorus  pentoxide  was  possible  not  only  for  products  of 
"diene  synthesis",  having  a  double  bond  in  the  y. 6-position  to  tlie  carbonyl  or  carboxyl  group 


/\-CO 

LcS° 

\/ 


\z 


but  also  for  cyclohexene  derivatives  with  the  double  bond  in  a  different  position  in  the  ring,  for  example,  exocyclic 
ketones  with  the  double  bond  in  the  a, 0 -position  to  the  carbonyl  group. 

In  all  the  ketones  investigated  the  ketone  group  was  situated  in  a  side  chain  of  the  cyclohexene  ring.  It 
seemed  interesting  to  investigate  further  what  effect  on  the  aromatization  reaction  would  be  produced  by  a  differ¬ 
ent  position  of  the  ketone  group  —  in  the  ring  itself. 

We  investigated  the  reaction  of  phosphorus  pentoxide  with  ketones  that  had  been  used  in  our  previous  work  [7] 
as  the  starting  materials  for  the  synthesis  of  cyclohexene,  cyclohexane  and  dicyclohexane  hydrocarbons  with  a 
quaternary  carbon  atom,  i.e.,  1 -methylcyclohexen-1 -one-3  and  l,5-dimethylcyclohexen-l-one-3,  which  have  a 
double  bond  and  a  ketone  group  in  the  six  membered  ring.  It  was  found  that  even  though  ketones  with  this  structure 
do  react,  they  give  only  a  small  yield  (6-8'Vn)  of  the  corresponding  alkylbenzenes: 


P.o. 


CH3 

1 

CH3 

CH3 

1 

1 

1 

1 

PO 

0, 

H3C-I\^^'=o 

^  l-Ji-CH, 
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Action  of  pliospliorus  ^vnitojiidc^on  .’>-.n:eiy  1-1  -i>li<:iiyl<’y>.lolicxi.*iU‘.->.  I’hosplionis  pentoxidc  (10.4->  p,, 

0.075  moh.)  wjs  added  to  5'aeeryl -1 -phenyleycloliexeiie -I  (15  )>,  <>.n7')  mole;  obtained  by  heating  benzalace- 
tono  with  divinyl  in  an  anU'clave  at  no-lhO*  [h|;  iii.|).  (ly-Od");  heat  was  evolved  and  the  temperature  rose  to 
180-200*  (thermometer  in  tlie  reac  tion  mixture).  I  he  hydrocarbon  was  distilled  off  by  further  heating  to  240* 
and  tlien  was  washed  successively  with  sodium  carbonate,  water,  ttOcy,, sulfuric  acid  and  again  with  water  until 
it  was  neutral,  dried  with  calcium  cliloride,  and  distilled  over  sodium.  The  2-e.thyldiphenyl  obtained  (2  g,  22<i/,.) 
had  the  following  constants: 

B.p.  105-106*  (6  mm),  n*®  1.5708,  dj®  0.99G5.  Literature  data:  b.p.  93-94*  at  2-3  mm,  iij®  1.5805  [9]; 

b.p.  265.9  at  760  mm.  nj^  1.5805,  dj®  0.9967  [10]. 

Action  of  phosphorus  pentoxlde  on  bis-butadienequinonc.  Bis-butadienequinone  (16.g,  0.074  mole;  ob¬ 
tained  by  heating  p-benzoquinone  with  divinyl  in  an  autoclave  at  100*  [11];  m.p.  154-155*)  was  gradually 
heated  to  250*  in  a  flask  with  a  curved  side-arm.  The  reaction  product  (total  yield  2  g,  lO/o)  was  obtained  by 
distillation  of  the  reaction  mixture  under  vacuum  and  by  recrystallizalion  from  alcohol  it  was  separated  into 
anthracene  (m.p.  215";  undepressed  by  admixture  with  authentic  anthracene;  picrate  m.p,  138")  and  lower- 
melting  fractions  of  crystals  with  m.p.  from  110  to  200",  which,  apparently,  were  mixtures  of  antliracene  and 
isomeric  dihydroanthracenes;*by  heating  with  sulfur  they  were  converted  into  anthracene  with  m.p.  215". 

Action  of  phosphorus  pentoxidc  on  methyl-A'-cyclohexenyl  ketone  (1 -acetylcyclohexene-1).  The  reac¬ 
tion  between  1 -acetylcyclohexcne -1  (17  g,  0.14  mole;  obtained  by  acetylation  of  cyclohexene  with  acetic 
anhydride  in  the  presence  of  zinc  chloride  [14];  b.p.  85-90*  at  15  mm;  nj®  1.4918)  and  phosphorus  pentoxidc 
(20  g,  0.14  mole)  was  carried  out  under  the  same  conditions  as  described  for  5-acetyl-4-phenylcyclohexene-l. 
After  working  up  as  described  above,  ethylbenzene  (5  g,  34.5‘yo)  was  obtained: 

ll.p.  135*  (737  mm),  n|)  1.4952,  df  0.8630.  Literature  data  [15]:  b.p.  136.2  at  760  mm,  n”  1.4959, 

dj®  0.8670. 

Action  of  phosphorus  pentoxidc  on  propyl-A*~cyclohexenyl  ketone  (1-butyrylcyclohexene-l).  By  the  re  - 
action  of  propyl -A’cyclohexenyl  ketone  (20  g,  0.13  mole;  obtained  by  treating  cyclohexene  with  butyryl  chlo¬ 
ride  in  the  presence  of  stannic  chloride  [16];  b.p.  106-110*  at  12  mm;  n^  1.4852)  with  phosphorus  pentoxidc 
(18  g,  0.13  mole)  under  the  conditions  described  above,  butylbenzene  (5.8  g,  347o)  was  obtained: 

B.p.  182-182.5*  (751  mm),  n*f5  1.4930,  df  0.8623.  Literature  data  [17]:  b.p.  183.1*  at  760  mm,  n^  1.4936, 
df  0.8620. 

Action  of  phosphorus  pentoxidc  on  l-methylcyclohexe-l-one-3.  Phosphorus  pentoxidc  (25  g,  0.18  mole) 
was  reacted  with  1 -methylcyclohexen-1 -one -3  (18  g,  0.18  mole;  obtained  by  ketonic  fission  of  methylen-bis- 
acetoacetic  ether  [18];  b.p.  198-200*  at  750  mm,  n^  1.4887)  and  after  working  up  as  described  above  and  dis¬ 
tilling  over  sodium  we  obtained  a  hydrocarbon  fraction  with  b.p.  100-110*  (1  g,  6%),  which  gave  on  nitration 
2,4-dinitrotoluene  widi  m.p.  70*  (undepressed  by  admixture  with  authentic  2,4-dinitrotoluene). 

Action  of  phosphorus  pentoxidc  on  l,5-dimethylcyclohexen-l-one-3.  From  the  products  of  the  reaction 
of  pliosphorus  pentoxidc  (22.7  g,  0.16  mole)  and  1,5-dimethylcyclohexen-l -one-3  (20  g,  0.16  mole;  obtained 
by  ketonic  fission  of  ethylidene-bis-acetoacetic  ether  [18];  b.p.  73*  at  6  mm,  n^  1.4848)  was  separated  a  hy¬ 
drocarbon  fraction  with  b.p.  137-141*  (747  mm)  and  n^  1.4905  (1.4  g,  8.2 /o),  which  gave  on  nitration  2,4,6- 
trinitro-m -xylene  with  m.p.  181-182*.  Literature  data  [19]:  m.p.  182*. 

SUMMARY 

1.  It  was  shown  tliat  hydroaromatic  ketones  of  various  structures  —  with  the  ketone  group  in  and  out  of  the 
ring  and  with  the  double  bond  in  the  y,6-  or  a, fl -positions  to  the  ketone  group  —  were  converted  into  aromatic 
hydrocarbons  by  heating  with  phosphorus  pentoxidc. 

2.  The  aromatic  hydrocarbons  were  obtained  in  various  yields,  depending  on  the  structure  of  the  parent 
ketone:  hydroaromatic  ketones  with  an  a, 6 -double  bond  and  the  ketone  group  in  the  ring  (1 -methylcyclohex¬ 
en-1 -one-3  and  1,5 -dimethylcyclohexene-1 -one-3)  gave  aromatic  hydrocarbons  in  6-8% yield;  ketones  with 
the  double  bond  in  the  same  position  but  the  ketone  group  in  a  side  chain  (1  -acetylcyclohexene-1  and  1-buty- 
rylcyclohexene-1)  gave  a  34%yic]d;  5-acetyl-4-phenylcyclohexene-l  and  bis-butadienequinone  (ketones 
witli  a  y,6  -double  bond  and  the  ketone  group  in  a  side  chain)  were  converted  into  the  corresponding  hydrocar- 

•Ilterature  data  for  1,2-dihydroanthracene:  m.p.  150*  [12];  for  9, 10 -dihydroanthracene;  m.p.  108*  [13]. 
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bons  ill  yields  (»f  "2  aiul  l!)"/a 
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THE  PROBLEM  OF  EXPERIMENTAL  PROOF  OF  THE  BAKER-NATHAN  EFFECT 


M.  I.  Batuev 


I.  In  1935,  Baker  and  Nathan  [1]  investigated  the  rate  of  formation  of  benzylpyridinc  bromides  by  the  re¬ 
action  of  pyridine  with  alkylsubstituted  benzylbromides  in  anhydrous  acetone.  They  based  the  explanation  of 
tlieir  findings  on  the  assumption  that  these  rates  increase  in  proportion  to  the  increasing  facility  of  anionization 
of  the  bromine  atominp-R—CgH4—CHjBr  which  depends  on  the  nature  of  the  substituent  R.  At  the  time  a  hypo¬ 
thetical  positive  inductive  effect,  denoted  by  the  symbol  +  I  had  been  accepted  by  the  English  school  and  accord¬ 
ing  to  it  alkyls  presumably  had  the  capacity  of  repelling  electrons  and  could  be  arranged  in  the  following  order 
with  respect  to  the  size  of  this  effect; 

CHj  <  CH2CH3  <  CHfCHg),  <  CCCHjla. 

On  the  basis  of  this  assumed  effect,  Baker  and  Nathan  expected  the  rate  of  the  reaction  to  increase  if  R  in 
p-R—C5H4—CH2Br  was  replaced  by  alkyls  in  the  above  order,  that  is  the  reaction  rate  would  be  least  when  R  =  CHs 
and  greatest  when  R  =  C(CH3)3.  However,  whenRihp-R— CgH4— CH2Br  was  actually  replaced  by  alkyls  the  rate  of 
the  reaction  increased  in  reverse  order  to  that  required  by  the  hypothesis  of  the  +  I  effect,  that  is  it  increased 
anomalously  in  relation  to  the  effect;  the  capacity  of  electron  repulsion  was  found  to  be  CH3  >  CH2CH3  >  CH(CH3)2 
>  C(CH3)3. 

To  explain  this  anomaly  Baker  and  Nathan  proposed  another  hypothesis  on  the  existence  of  a  second  effect 
in  alkyls,  besides  the  +  I  effect,  and  this  was  later  named  after  them.  In  American  literature  this  effect  was  called 
hyperconjugation.  The  gist  of  the  proposed  effect  consisted  of  the  following. 

Baker  and  Nathan  assumed  a  situation  where  an  electron  pair  of  the  methyl  group  adjoining  an  unsaturated 
carbon  atom  remained  less  localized  than  the  electron  pair  of  the  adjacent  C-C  bond  and  this  apparently  gave 
rise  to  the  increased  capacity  of  methyl  to  donate  (free  or  repel)  the  electrons  of  the  C-H  bond  by  the  mechanism; 

CHj-Qr 


or  expressed  differently  to  show  the  *\:ompleted"  process  of  electron  donation; 


H  I  I 

I  /C  =  Cv 

c=c'C  ^c= 
I  ^c=c^ 

H  I  I 
H  H 


H 


C  Br 

I 

H 


According  to  its  authors,  the  Baker-Nathan  effect  includes,  naturally,  ethylene  systems.  Furthermore,  Baker 
and  Nathan  also  considered  that  this  same  jwocess  of  electron  donation  from  methyl  would  be  observed  in  systems 
with  one  single  bond  in  which  the  X- group  could  exist  as  an  anion.* 

•  It  should  be  noted  that  in  the  terminology  of  the  English  school,  the  Baker-Nathan  effect  appeared  as  a  hypo¬ 
thetical  tautomeric  +  T  -effect  [2]. 
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At  .\pproximaicJy  the  same  lime,  Wliel.ind  l^l  developed  fiitidamcnially  idciitica)  ideas  and  somewhat  later 
was  followed  by  Miilliken  ct  al.  f  ll  and  in  the  terminology  of  the  American  school  the  alxjve  reaction  of  single 
and  double  bonds  was  called  hypcrconjugation  of  the  first  order  and  the  reaction  of  single  bonds  -  hyperconjugation 
of  tlie  second  order. 

Togctlier  with  the  static  and  dynamic  induction  and  tautomeric  effects  of  the  English  school,  the  Baker-Nathan 
effect  was  included  by  the  authors  of  the  theory  of  double  reaction  capacity  and  transfer  of  reaction  center,  in  the 
basis  of  the  theory.  They  accepted  this  effect  (like  other  effects)  including  the  concrete  interpretation  of  the 
corresponding  electron  mechanism  by  the  English  school  [5,6],  renamed  it  (as  all  other  effects  of  the  English  school) 
in  conformity  with  the  reacting  bonds  as  otr  -conjugation  and  oo  -conjugation  and  explained  the  motives  for  the 
renaming  [8].  Furthermore,  they  somewhat  enlarged  the  Baker-Nathan  effect,  including  in  it  the  conjugation  of 
single  bonds  with  single  nonacceptors;  it  was  considered  not  only  static  (Tp  but  also  dynamic  (Tj)  [9,7].  The 
Baker-Nathan  effect  (an-,  oo -conjugation)  as  is  known,  has  been  used  by  workers  in  this  field  of  theoretical 
chemistry  as  the  basis  for  explaining  a  wide  range  of  reactions  [10],  among  them  6 -elimination  etc.  [11,12], 

II.  Members  of  the  English  school  stressed  the  fact  that  these  effects  formulated  by  them,  including  the 
Baker-Nathan  effect,  are  not  direct  findings  nor  observations  of  actually  existing  electronic  processes  in  a  molecule. 
These  effects  were  not  directly  established  nor  observed  facts  of  electronic  mechanisms  in  a  molecule,  but  only 
hypotheses  on  them;  postulations  put  forward  to  explain  various  experimental  facts  of  the  reaction  capacities  of 
different  materials  [13].  With  such  a  hypothetical  character  these  effects  of  the  English  school  cannot  be  detected 
by  direct  chemical  investigation  of  the  reaction,  as  the  authors  themselves  and  the  proponents  of  this  trend  have 
realized  and  noted  in  numerous  statements  [14-16].  It  is  not  surprising  that  which  such  a  situation  the  hypothetical 
effects  appear  not  as  clearly  defined  laws  derived  from  nature,  but  more  often  as  ad  hoc  explanations  [17],  Nat¬ 
urally,  the  problem  of  direct  experimental  testing  of  the  hypotheses  of  the  English  school,  which  have  remained 
only  hypothetical  up  to  the  present,  presents  great  interest  in  many  respects.  In  this  work  we  considered  only  the 
Baker-Nathan  effect  from  this  point  of  view  and  briefly,  in  passing,  the  inductions  (±  I)  as  well. 

III.  The  possibility  of  testing  these  effects  by  direct  experiment  results  from  the  following  considerations 

on  the  electronic  mechanism.  It  is  customary  in  the  English  school  [18]  to  differentiate  between  donor  and  acceptor 
bonds  in  molecules  with  the  supposed  hyperconjugation  mechanism  of  electron  displacement  put  forward  by  Mulliken 
[4].  The  donors  give  (repel,  free)  electrons,  the  acceptors  take  them.  In  molecules  of  the  (A)  and  (B)  type  (see 
above)  the  C-H  bonds  of  methyl  groups,  C  =  C  and  C— X  bonds  are  donors  and  C-C  bonds  are  acceptors.  We  note 
that  with  appropriate  molecular  structure  the  supposed  inductive  effect  +  I  (expressed  — ►  )  increases  the  electro¬ 
meric  Baker-Nathan  effect  (+  T).  It  can  also  be  augmented  by  the  supposed  induction  effect  (— I),i(effect  of  attract¬ 
ing  electrons,  for  example,  by  the  halogen  of  the  molecule;  this  is  also  expressed  by  a  straight  arrow  — ►  )  [19].  Thus, 
in  a  molecule  of  appropriate  structure  (when  X  =  halide),  all  three  effects  (+T,  +  1,-1)  may  be  hypothetically 
superimposed  and  in  that  case  strengthen  each  other  [20]: 


H 

H 

H 


By  the  very  nature  of  the  electronic  mechanism  described,  the  interatomic  distance  of  donor  bonds  should 
increase  and  the  bond  energy  should  decrease.  In  particular,  hydrogen  atoms  in  the  methyl  group  should  ionize 
to  a  greater  or  lesser  extent,  namely  -  protonize;  the  donor  double  bonds  should  lose  some  of  their  double  bond 
character  and  the  triple,  their  triple  bond  character.  The  acceptor  C-C  bonds,  on  the  contrary,  become  to  a  certain 
degree,  double  bonded,  and  should  strengthen  and  contract.  The  authors  themselves  point  out  the  consequences  of 
these  effects  [4,  21,. 22], 
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However,  ilie  leiigtheiiiiig  or  eontraetiiig  of  IhxkIs  and  tlic  decrease  or  increase  of  their  energy  may  be,  in  the 
main,  tested  by  direct  experiment.  As  according  to  the  hypotliesis,  this  is  due  to  the  electronic  mechanism  of  the 
effect  studied,  tlien  it  would  be  possible  to  check  directly  by  experiment  the  hypothesis  on  the  electronic  mechanism 
of  tlie  Haker-Natlian  effect. 

IV.  In  their  monographs  [2.'1,24],  Baker  and  Ingold  turned  to  this  proof  (using  data  on  the  interatomic  distances) 
and  attempted  to  observe  hyperconjugational  lengthening  of  donor  bonds  and  hyperconjugational  contraction  of 
acceptor  bonds  (the  measurement  of  energy  from  this  point  of  view  is  more  difficult).  However,  they  did  not  find 
definite  confirmation  of  hyperconjugation  in  thii  data  and  they  put  forward  the  proposition  that  the  hyperconjuga¬ 
tional  displacements  in  the  interatomic  distances  are  probably  minute  and  that  they  cannot  be  measured  as  present 
day  methods  are  not  sufficiently  accurate  [23,28].* 


•  In  this  connection  special  importance  is  attached  to  the  single  case  noted  by  Ingold  of  a  possible  spectroscopic 
observation  which  showed  lengtliening  of  the  C-H  donor  bond  of  the  methylacetylene  methyl  group,  as  a  result 
of  Iiyperconjugation  of  the  first  order  (otr  -conjugation): 


H-^C— C=C-H 


This  case  is  the  more  important  as  it  concerns  the  methyl  group  which  has  a  deciding  role,  that  of  initiator, 
in  the  Bakcr-Nathan  effect.  Therefore,  it  undoubtedly  requires  a  thoroughly  detailed  consideration. 

On  the  subject  of  this  delicate  experiment.  Ingold  wrote  [28]:  "The  spectroscopic  method  was  most  suitable 
for  measuring  insignificant  change  in  interatomic  distances  and  by  using  it  exact  bond  length  measurements  were 
made  on  the C— Hof  the  methylacetylene  methyl  group,  which  showed  its  slight  lengthening,"  namely  -  by  0.003A 
(see  Table  below).  However,  there  is  in  fact  no  accurate  experimental  data  of  this  kind  of  hyperconjugational 
lengthening  of  the  C-H  bond  of  the  methylacetylene  methyl  group.  In  establishing  this  lengthening  Ingold  appeared 
(at  best)  to  be  simply  confused  in  citing  the  pertinent  data.  Actually,  he  presents  [29]  in  his  Table  the  following 
data  on  the  C-H  bund  of  the  methylacetylene  methyl  group  (in  A): 


Compound 

Bond 

Calculated 

from  atomic 

radii 

Found 

Method 

Reference 

CHg-  C=C-H 

H-CHj- 

1.094 

1.097 

spectro¬ 

scopic 

[3] 

R.  Trambarulo,  W.  Gordy,  J.  Chem.  Fhys.,  18,  1613  (1950). 

Instead  of 

the  calculatedC—H  distance,  the  observed  value  is  shown  for  methane. 

However,  in  the  paper  by  Trambarula  and  Gordy,  cited  by  Ingold,  the  following  data  was  given  on  the  litera 
tomic  distances  of  methylacetylene  (in  A)  [30].- 


Compound 

C-H 

methyl 

c-c 

CsC 

C-H 

acetylenic 

CHj-CsCH 

1.097±  0.010 

1.46C±  0.002 

1.207  ±  0.002 

1.056±  0.008 

The  radiospectroscopic  data  given  by  Trambarulo  and  Gordy,  like  the  spectroscopic  data,  must  also  involve 
calculations.  Although,  Ingold  took  the  figure  1.097  without  indicating  the  limits  of  experimental  error  in  the 
work  of  these  authors,  the  latter  determined  it  with  an  accuracy  of  ±  0.010  A.  Ingold,  however,  talks  of  accurate 
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V.  There  is,  however,  one  intrinsic  molecular  parameter,  as  it  is  a  dynamic  system,  whose  measurement 
makes  it  possible  to  test  the  electronic  mechanism  of  tlie  Baker-Nathan  effect  in  the  above  sense  even  with  the 
present  state  of  spectroj^raphic  techniques.  This  parameter  is  the  frequency  of  molecular  oscillation. 

As  is  known,  a  completely  determined  relation  exists  between  the  direction  of  change  in  the  energy  of  a 
bond,  its  interatomic  distance  and  characteristic  oscillation  frequencies:  this  relation  is  that  an  increase  in  bond 
energy  is  always  accompanied  by  a  contraction  of  its  interatomic  distance  and  an  increase  in  its  oscillation  fre¬ 
quencies,  and,  on  the  otlier  hand,  a  decrease  in  bond  energy  is  always  accompanied  by  an  increase  of  its  interatomic 
distance  and  a  decrease  in  its  oscillation  frequency  [32], 

This  may  be  illustrated  by  the  data  in  the  table  on  carbon-carbon,  carbon-oxygen  and  carbon- hydrogen 
bonds  [33J. 

As  can  be  seen  from  the  Table,  the  range  of  variation  of  oscillation  frequencies  of  the  bonds  is  much  greater 
than  the  range  of  variation  of  their  interatomic  distances: 

Increase  in  oscil-  Contraction  of  intera- 

lation  frequencies  tomic  distances 


Percentage  variation  during  transition  from 


'c-CtoCsC  +100 

C-O  to  C  =  O  +108 

.  CH  to  CH  acetylene  +20* 


-23 
-20 
-  5 


By  this  method,  using  the  changes  in  their  oscillation  frequencies  (in  the  case  of  maximum  conservation, 
of  course,  of  their  characteristic)  it  is  possible  to  decide  on  the  directions  of  changes  in  interatomic  distance  of 
various  bonds,  which,  due  to  their  small  value,  are  difficult  to  detect  directly.  We  used  this  for  direct  experi¬ 
mental  solution  of  the  problem  -  whether  or  not  the  hypothetical  electronic  mechanism  of  the  Baker-Nathan 
effect  corresponded  to  reality;  in  this  work  we  limit  ourselves  to  a  problem  whose  clarification  is  of  greatest 
importance  for  the  mechanism  of  this  effect;  is  it  a  fact  in  those  molecules  in  which  the  Baker-Nathan  effect  is 
supposed  to  occur,  that  the  methyl  group  donates  (frees,  repels)  electrons  (thus  inducing  the  effect)  which,  as  noted 
above,  due  to  the  very  nature  of  such  an  electronic  mechanism  must  necessarily  result  in  an  elongation  of  the  C-H 
bonds  of  the  methyl  group,  in  a  decrease  in  their  energy  and  in  a  corresponding  lowering  of  their  oscillation  frequen¬ 
cies;  the  observation  of  an  opposite  phenomenon  would  be  an  absolute  refutation  of  the  hyperconjugation  electro¬ 
nic  mechanism. 


measurement  of  hyperconjugational  lengthening  of  the  C-H  bond  of  the  methylacetylene  methyl  group  by  0.003  A, 
which  lies  within  the  limits  of  error  given  by  Trambarulo  and  Gordy  for  their  expriment  (0.010  A). 

However,  as  can  be  seen  from  the  notes  to  the  Table  (see  above)  Ingold  did  not  take  the  value  of  the  C-H 
bond  length,  1.097  A,  from  the  radiospectroscopic  work  of  Trambarulo  and  Gordy,  but  termed  this  value  as  being 
•calculated  "and  substituted  it  without  disclosing  its  source,  as  though  it  had  been  observed  spectroscopically  for 
methane  (although spectroscopic,  as  well  as  radiospectroscopic,  determination  of  interatomic  distances  involve 
appropriate  calculations).  However,  up  to  the  present  time,  the  value  of  the  C-H  bond  length  in  methane  spec¬ 
troscopically  determined  by  Gertsberg  is  the  one  usually  referred  to  [31].  Gertsberg  determined  it  as  being  equal 
to  1.0936  A,  which  is  less  rather  than  more  than  the  "normal"  value  of  1.094  A. 

But  probably,  the  greatest  misunderstanding  arises  from  the  fact  that  there  can  be  no  talk  of  hyperconjugation 
at  all  in  methane  and  especially  of  hyperconjugation  of  the  first  order.  Therefore,  the  substitution  of  the  C-H 
bond  length  of  methane  for  that  of  the  C-H  bond  in  the  methylacetylene  methyl  group,  to  determine  the  hypercon¬ 
jugational  effect  in  the  latter  in  this  way  and  the  description  of  the  hyperconjugational  stretching  of  the  C-H  bond 
thus  formed  as  the  only  very  accurate  experimental  discovery  of  this  lengthening,  are  assertions  which  require,  of 
course,  no  further  consideration. 

Finally  it  appears  from  all  this  that  Baker  and  Ingold  did  not  succeed  in  confirming  directly  by  experimental 
data  on  interatomic  distances,  the  electronic  mechanism  of  the  Baker-Nathan  effect,  i.e.hyperconjugation  of  the 
first  order  (air  -conjugation);  they  did  not  even  mention  the  verification  of  hyperconjugation  of  the  second  order 
(  oo  -conjugation). 

*  Increase  from  2824  to  3372  cm‘^. 
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VI.  As  is  known  from  optical  investigation  of  normal  paraffins,  the  frequencies  of  the  C-H  bonds  of  the 
methylene  and  methyl  groups  (lying  within  extremely  charac  teristic  frequency  ranges)  are  independent  of  one 
another  in  the  sense  that  on  the  addition  of  methylene  groups  with  the  elongation  of  the  carbon  chain,  their 
frequencies  remain  practically  unchanged,  and  similiarly  for  methyl  groups,  and  only  their  intensity  changes.  The 
intensity  of  the  methylene  group  frequencies  increases  and  the  intensity  of  the  methyl  group  frequencies  relatively 
decreases  as  the  number  of  the  latter  does  not  increase.  The  following  are  frequencies  of  methyl  and  methylene 
groups  of  normal  paraffins  [34]: 

CHa  2853  —  2908  —  — 

CHg  —  2879  —  2938  2%7 


If,  for  example,  some  strongly  electronegative  atom  is  introduced  into  the  molecule,  the  frequencies  of 
these  groups  may  be  displaced  strongly  under  its  effect;  furthermore,  due  to  their  independence,  the  frequencies, 
for  example,  of  adjacent  methylene  groups  could  Increase  greatly  while  the  frequencies  of  remote  methyl  groups 
could  remain  without  change  and  so  on.  We  refer  to  such  molecules  as: 


H 

H 

H 


ry 

C  =  Cl, 


C=F3 


The  Baker-Nathan  effect  should,  supposedly  be  increased  in  them  by  the  effects  +  1  and -I.  The  hypo¬ 
thetical  operation  of  these  effects,  should  result  in  sharp  protonization  of  the  hydrogen  atoms  of  the  methyl  group 
C-H  bonds,  and  as  a  direct  result  of  this,  in  the  increase  of  the  C-H  bond  interatomic  distances,  and  in  decrease  of 
their  energy  and  the  lowering  of  the  oscillation  frequencies.  Actually,  nothing  of  the  kind  happens  in  these  molecules. 


Oscillation  Frequencies,  Bond  Energies  and  Interatomic  Distances  in  Single 
and  Multiple  Bonds 


Com¬ 

pounds 

Oscilla- 

Bond 

Inter- 

Bonds 

tion  fre¬ 
quency 

energy 

(kcal/ 

atomic 

distance 

(cm 

mol) 

A 

I.  Carbon-carbon 

C-C 

CaHe 

992 

68 

1.550 

C  =  C 

C2H4 

1621 

78 

1.353 

C=C 

C2H2 

1974 

114 

1.203 

II.  Carbon-oxygen 

C-C 

CH3OH 

1033 

86.5 

1.43 

c=o 

CH3CHO 

1720 

134 

1.22 

c=o* 

CO 

2155 

211 

1.128 

m.  Carbon-hydrogen  in  single 
and  multiple  ronds 

radical 

CH 

2824 

80.0 

1.120 

with  ordinary  bond** 

C2H8 

2730—2960 

88.4 

1.098 

with  double  bond** 

C2H4 

2988—3107 

106.0 

1.076 

with  triple  bond 

C2H2 

3228,  3372 

121.0 

1.060 

•  Langmuir,  Gertsberg  and  other  authors  write  of  the  almost  triple  bond 
of  carbon  monoxide;  it  is  symbolized  as  C  =  O  to  differentiate  it  from 
the  preceding  ones. 

*  •  The  limits  of  the  frequency  range  of  the  C-H  bond  are  indicated. 


and  on  the  contrary,  in  comparison  with  those  of  similar  normal  paraffins,  the  oscillation  frequencies  of  those  C-H 
bonds  sharply  increases,  which  indicates  a  decrease  in  their  bond  energy.  The  above  is  clearly  illustrated  by  a 
comparison  of  the  methyl  C-H  bond  oscillation  frequencies  for  these  molecules  and  ethane  (cm  *)  [33a]. 


methine)  are  greatly  increased,  that  is  the  interatomic  distances  of  these  bonds  contract,  while  their  energies  are 
Increased: 

Frequencies  of  paraffin  C-H  bonds  [34]: 

Methyl  group  -  2879  -  2938  2967 

Methine  "  2870  _  _  _  —  _ 

Frequencies  of  H3CCHO: 

Methyl  group  -  —  2917  —  2967  3015 

Methine  "  _  _  _  _  2967 

The  data  presented  show  as  well  that  particularly  where  C-H  botids  are  concerned,  there  is  no  justifica¬ 
tion  for  the  hyperconjugation  electronic  mechanism  and  mechanism  of  the  -  I  effect,  nor  is  there  any  for  the  electro¬ 
nic  mechanism  of  the  electrostatic  effect  +I  in  the  simplified  version  of  the  English  school,  which  typically  ex¬ 
tends  it  to  all  bonds  without  considering  their  specific  cases.  Actually,  under  the  effect  of  an  adjacent  halide  or 
of  another  strongly  electronegative  atom,  C-H  bonds  do  not  protonize  (as  for  example  O-H  bonds  [32],  in  chloro- 
acetic  acids)  that  is,  there  is  no  increase  of  interatomic  distance  or  decrease  of  bond  energy  and  oscillation  fre¬ 
quencies}  on  the  contrary,  they  electronize  sharply  in  the  sense  that  their  interatomic  distance  contracts,  the  bond 
energy  increases  and  the  oscillation  frequencies  rise.  This  electronization  of  C-H  bonds  under  the  effect  of  halides 
is  well  illustrated  by  data  on  the  considerable  increase  in  their  frequencies  in  symmetrically  substituted  chloroderiva- 
tives  of  ethane  and  other  compounds  (cm‘^). 

Paraffins  [34]: 

CH2  2853  -  2908  _  _  _ 

CH  —  2870  _  _  _  _ 

CICH2— CHgCI: 

CH2  _  —  _  2956  —  3002 

CisSi— CH2CI: 

CH2  _  _  _  2935  29fi7  — 

CI2CH— CHClj: 

CH  _  _  _  _  2984  — 

CIsSi— CHCI2: 

CH  _  _  _  _  2963  — 


In  electronuclear  reactions,  the  C-H  bond  in  a  molecule  behaves  very  differently  from  the  O-H  bond,  but 
this,  however,  will  not  be  discussed  in  the  present  article. 
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As  we  saw,  Baker  and  Itigold  supposed  tfiat  the  Baker- Nathan  effect  would  be  specially  strong  in  the  acetylenic 
compounds,  iu  particular,  in  methylacetyleue,  and  as  a  result  the  C-H  donor  bonds  of  the  methyl  group  should  be 
elongated  in  them,  Actually,  the  frequencies  of  C-H  bonds  of  the  methylacetylene  methyl  group  are  sharply  in¬ 
creased  and  there  can  be  no  hyperconjugational  lengthening  (cm"  *); 


normal 

2879  2938 

paraffins 

CH3  -  CsCH 

2927 

2967  - 


-  2979 


As  the  data  presented  show,,  electronuclear  reactions  in  molecules  are  incomparably  more  complicated 
than  is  supposed  in  the  hypothetical  effects  of  the  English  school,  in  particular  the  Baker-Nathan  effect,  the  latter 
being  in  no  way  confirmed  by  the  direct  experimentai  data  presented,  which  lies  well  beyond  the  limits  of  ex¬ 
perimental  error;  on  the  contrary,  the  electronic  mechanism  p-oposed  is  refuted  by  this  data. 

SUMMARY 

Optical  data  on  the  characteristic  oscillation  frequencies  of  molecules  permit  direct  experimental  testing 
of  the  accuracy  with  which  the  Baker-Nathan  effect  conforms  to  reality.  This  data,  which  lies  well  beyond  the 
limits  of  experimental  error,  very  definitely  shows  that  the  electronic  mechanism,  admissible  by  the  Baker-Nathan 
hypothesis,  is  not  only  not  confirmed  experimentally,  but,  on  the  contrary,  refuted.  All  this  indicates  that  electro- 
nuclear  reactions  in  a  molecule  are  more  complex  than  is  supposed  by  the  Baker-Nathan  hypothesis. 
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INVESTIGATION  IN  THE  FIELD  OF  CYCLIC  ACETALS  OF 
HYDROXYCARBON  YL  COMPOUNDS 


VII.  PREPARATION  AND  PROPERTIES  OF  EPOXYOCTENOL  METHYL  LACTOUDE 
(a-METHOXY-a-TERT-BUTYL-8,8-DIMETHYLETHYLENE  OXIDE) 

T.  I,  Temnikova  and  S.  S.  Skorokhodov 


The  preparation  of  epoxyoctenol  methyl  lactolide  (I),  described  for  the  first  time  in  the  present  work,  was 
interesting  from  two  points  of  view.  On  the  one  hand,  methyl  lactolides  of  a-keto  alcohols  of  the  aliphatic  series 
were  unknown  up  to  the  present  time,  and  the  material  (I)  prepared  by  us  is  the  first  example  of  such  a  compound. 
On  the  other  hand,  it  is  a  derivative  of  epoxyoctenol,  a  material  that  had  already  been  prepared  by  A.  M.  Butlerov 
[1]  and  to  which  a  a -hydroxy  oxide  structure  (II)  had  been  ascribed  for  a  long  time.  It  is  established  at  the  present 
time  that  epoxyoctenol  is  a  keto  alcohol  (III). 

O  O 

(CH3)3C-C - C(CH3)2.  {CH3)3C-C - C(CH3)2,  (CH3)3C-C - C(CH3)2. 

I  I  II  I 

0CH3  OH  O  HO 

(n  (11)  (111) 


The  structure  of  epoxyoctenol  was  proved  by  T.  I.  Temnikova  and  M.  P.  Tikhomolova  [2]  in  1951  using  a 
spectrochemical  method.  The  conclusion  that  epoxyoctenol  has  a  structure  corresponding  to  formula  (III)  was 
based  on  chemical  data  [1,3]  and  on  the  presence  in  the  ultraviolet  spectrum  of  typicalC  =  0  group  absorption  in 
the  range  280-300  m  p  (  295  m  p),  as  well  as  of  combination  light  scattering  frequencies  (1689  cm"*)  also 

typical  for  the  same  group.  In  1955,  the  combination  light  scattering  spectrum  of  epoxyoctenol  was  redetermined 
by  Batuev  and  Antsus  but  over  a  wider  frequency  range  [4]  and  they  confirmed  the  conclusion  drawn  in  the  work 
above  that  epoxyoctenol  had  a  hydroxy  ketone  structure  while  on  the  basis  of  a  broadened  line  at  3522  cm"*  they 
concluded  that  there  was  a  hydrogen  bond  between  theC^O  and  OH  groups.*  The  formation  of  a  hydrogen  bond 
results  in  additional  stabilization  of  the  a-keto  alcohol  structure  relative  to  that  of  the  a -hydroxy  oxide  one, 
pseudomeric  with  it;  if  the  latter  exists  in  equilibrium  with  the  a-keto  alcohol  it  must  be  in  a  vanishingly  small 
amount  [2].  Although  the  a -hydroxy  oxide  forms  are  incapable  of  independent  existence  as  was  established  in  a 
series  of  papers  of  which  this  is  the  most  recent,  their  methyl  derivatives-  methyl  lactolides-  are  completely  stable 
[5].  It  therefore  seemed  likely  theoretically,  that  in  the  case  of  epoxyoctenol  the  hydroxy  oxide  form  could  also 
be  fixed  as  a  methyl  lactolide,  and  this  is  proved  in  the  present  paper. 

Epoxyoctenol  methyl  lactolide  was  obtained  by  the  usual  method  —  by  the  action  of  sodium  methylate  on 
bromopentamethylacetone.  Absolute  ether  or  dry  methyl  alcohol  was  used  as  the  reaction  medium.  The  latter 

*  We  consider  it  necessary  to  note  that  M.  I.  Batuev  and  L.  I.  Antsus  [4]  do  not  give  a  new  formula  for  epoxyoctenol 
but  only  present  refinements  of  the  hydroxy  ketone  one.  We  cannot  agree  with  their  statement  tliat  the  keto 
alcohol  formula  is  inconsistent  with  chemical  experiment  [see  1-3].  The  inertness  of  epoxyoctenol  towards  sub¬ 
stituted  hydrazines  is  explained  by  the  inaccessibility  of  the  carbon  atom  of  theC=0  group,  for  the  same  reason 
that  pentamethylacetone  does  not  react  with  phenylhydrazine,  semicarbazide  and  other  similar  reagents.  However, 
the  conversion  of  epoxyoctenol  into  methyl- tert-butylacetylcarbinol;  by  H^  under  relatively  drastic  conditions  [6], 
doubtlessly  is  accomplished  in  a  complex  with  a  proton,  in  the  cation,  with  the  formation  of  an  hydroxy  oxide  type 
of  structure  [7]. 
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was  more  convenient  in  this  case  as  the  reaction  then  took  place  in  a  homogenous  medium.  Usually  methyl 
lactolides  react  on  boiling  with  alcohols  [5].  In  this  case,  however, the  reaction  of  the  methyl  lactolides 
being  formed  with  methyl  alcohol  was  inhibited  by  the  steric  hinderance  of  the  tert- butyl  group  which  ob¬ 
structed  the  approach  of  the  methyl  alcohol  molecule  to  the  carbon  atom,  adjacent  to  the  methoxyl  group, 
which  due  to  its  overwhelming  reactivity  was  the  reaction  center.  Besides  epoxyoctenol  methyl  lactolide,  an 
insignificant  amount  of  a  material  was  obtained  with  a  somewhat  higher  boiling  point,  which  contained,  to 
judge  from  the  spectrochemical  data,  a  large  amount  of  methoxypentamethylacetone.  The  reaction  was 
considerably  slower  when  carried  out  in  absolute  ether  and  an  insignificant  amount  of  the  higher  boiling 
material  was  likewise  formed.  Due  to  the  fact  that  oxidation  could  have  taken  place  during  the  sodium  methy¬ 
late  treatment  of  bromopentamethylacetone  and  that  the  higher  fraction  could  have  contained  the  methyl 
ester  of  the  acid,  part  of  this  fraction  was  heated  for  a  long  time  (100  hours)  with  aqueous  alkali  at  100*.  No 
salt  of  the  organic  acid  was  found  in  the  aqueous  alkaline  layer. 

The  hydrolysis  of  epoxyoctenol  methyl  lactolide  was  very  easily  achieved  by  shaking  it  with  dilute  acid 
in  the  cold  and  gave  pure  epoxyoctenol.  An  attempt  to  isomerize  epoxyoctenol  methyl  lactolide  into  the 
methyl  ether  of  the  isomeric  keto  alcohol  -  methyl-tert-butylacetylcarbinol-  was  unsuccessful.  Isomeriza¬ 
tion  did  not  take  place  when  it  was  heated  with  ZnCl2  at  130-140*  for  1  hour  30  minutes  [8];  the  material, 
separated  in  the  usual  manner,  remained  unchanged. 

In  previous  work  we  have  recorded  infra-red  absorption  spectra  of  aliphatic- aromatic  a -keto  alcohol 
methyl  lactolides  and  of  substances  genetically  related  to  them  —  ketones,  keto  alcohols  and  isomeric  keto 
alcohol  methyl  ethers;  from  them  it  was  established  that  the  frequency  917  cm'^  was  typical  for  the  oxide 
ring  of  the  aliphatic- aromatic  a -keto  alcohol  methyl  lactolides. 

In  the  present  work  we  determined  the  infrared  absorption  spectra  of  pentamethylacetone,  epoxyoctenol, 
its  methyl  lactolide  and  fractions  that  distilled  somewhat  higher  than  methyl  lactolide  and  which  apparently, 
contained  mainly  methoxypentamethylacetone.  The  measurements  carried  out  were  on  an  infra-red  spectro¬ 
meter  type  IKS-6  in  the  ranges  770-970  cm'^  (12.9-10.3  p),  1550-1800  cm"^  (6.5— 5.5  p)  (NaCl  prism)  and 
in  the  range  3350-  3650  cm"^  (2.98-  2.75  p)  (LiF  prism).  None  of  the  compounds,  with  the  exception  of 
epoxyoctenol,  had  an  absorption  maximum  in  the  range  typical  for  the  hydroxyl  group  (3350-3650  cm*^). 

The  methyl  lactolide  (I)  spectrum  was  determined  in  both  ranges  on  a  thin  layer,  d  =  3  p  (figure  ,  curve 
1).  It  can  be  seen  from  the  spectrum  that  the  frequency  917  cm’^,  typical  for  methyl  lactolides  of  the  ali¬ 
phatic-aromatic  series,  was  in  this  case  absent.  The  absorption  maximum  typical  for  the  oxide  ring  in  the 
range  770-970  cm'^  was  at  893  cm‘*  (11.20  p).  For  comparison  we  determined  spectra  of  two  aliphatic  oxides; 
unsym.  methylethylethylene  oxide  had  a  maximum  at  903  cm'^  (11.07  p)  and  hexene-1  oxide  had  a  maximum 
at  898  cm"^  (11.13  p).  It  should  be  noted  that  methyl  lactolides  of  the  aliphatic -aromatic  series  also  had  a 
maximum  at~  900  cm'^,  but  it  was  less  characteristic  [8j.  There  was  some  decrease  in  transmission  in  the 
carbonyl  range  near  1710  cm'^  due  to  insignificant  traces  of  methoxyketone. 

The  spectrum  of  pentamethylacetone  was  determined  on  the  range  770-970  cm”*,  on  a  thin  layer,  d  =  30;;; 
at  890  cm’*  there  was  no  substantial  decrease  in  percentage  transmission;  in  the  carbonyl  range  1550-1800  cm’* 
it  was  determined  in  a  carbon  tetrachloride  solution,  c  =  2.b2’’]o,  d  =  270p.  The  maximum  was  at  1724  cm’*. 

The  spectrum  of  the  fraction,  with  a  boiling  point  somewhat  higher  than  methyl  lactolide,  was  determined 
in  the  range  770-970  cm  *  on  a  thin  layer,  d  =  30p.  A  small  maximum  at  893  cm’*  was  explained  by  methoxy- 
oxide  traces.  In  the  carbonyl  range,  the  spectrum  was  determined  in  CCI4,  c=  1. 64*70,  d  =  270  p.  The  absorp¬ 
tion  maximum  was  at  1706  cm”*. 

The  spectrum  of  epoxyoctenol  (III)  was  determined  in  the  range  770-970  cm’^  as  a  suspension  in  vase¬ 
line  oil  (20  mg  of  material  per  3  drops  of  oil,  d  =  100p).  Transmission  did  not  decrease  near  890  cm’^.  In 
the  carbonyl  range  it  was  determined  in  a  CCI4  solution,  c  =  1.174*7 ,  d  =  270  p.  The  absorption  maximum  was 
at  1700  cm  *. 

In  conclusion  it  is  interesting  to  compare  briefly  in  relation  to  their  stability  the  properties  of  the  methyl 
lactolides  prepared  with  those  known  for  keto  alcohol  methyl  lactolides.  Up  to  the  present  time  15  methoxy- 
oxides  have  been  described,  12  of  them  contained  aromatic  nuclei  in  the  oxide  ring.  At  the  end  of  1954 
Stevens  et  al.  obtained  the  first  two  samples  of  aliphatic  a-hydroxyaldehyde  methyl  lactolides  [9].  In 
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1)  Epoxyoctenol  methyl  lactolide;  2)  pentainethylacetone;  3) 
fraction  with  a  somewhat  higher  boiling  point  than  methyl 
lactolide;  4)  epoxyoctenol. 


comparison  with  the  latter  the  substance  prepared  by  us  differed  in  an  exceptionally  great  stability,  as  it  was  com¬ 
pletely  distilled  without  change  at  normal  pressure  and  could  also  remain  unchanged  for  a  long  time  (2  years). 

While  on  the  contrary  the  methyl  lactolides  of  aliphatic  hydroxyaldehydes  obtained  by  Stevens  et  al.  were  easily 
changed  by  boiling.  The  methoxyoxide  obtained  by  us  was  also,  in  this  respect,  considerably  more  stable  than 
methyl  lactolides  of  secondary  aliphatic- aromatic  a-keto  alcohols. 

EXPERIMENTAL 

Pr eparation  of  D i methyl-  trimethyl acetyl-c  ar b i n o  1  ( E poxyoctenol)  (I). 

1.  Preparation  of  bromopentamethylacetone.  Pentamethyiacetone  was  prepared  by  I.  N.  Nazarov’s  method 
[10].  A.  P.  Terentev  and  L.  A.  Yanovskaya’s  method  [11]  was  used  for  its  bromination.  20.53  g  of  ketone  was 
dissolved  in  20  ml  of  dioxane  and  45  g  of  dioxane  dibromide  was  added  to  the  solution  in  small  portions.  The  re¬ 
action  went  slowly  and  was  completed  by  heating  to  70-80*  for  1.5  hours.  On  cooling,  the  reaction  mass  was 
poured  into  water  and  the  oil  was  extracted  with  ether.  The  ether  extract  was  washed  with  water  and  dried  over 
MgS04.  27,3  g  of  bromoketone  was  obtained  with  b.p.  52-53*  at  7  mm,  yield  82.1%  According  to  [12]  the  b.p. 

is  62-64*  at  12  mm. 

2.  Preparation  of  methyl  lactolide  (I).  5.7  g  of  sodium  was  dissolved  in  220  ml  of  dry  methyl  alcohol.  While 
this  was  cooled  in  ice  water,  42.29  g  of  bromopentamethylacetone  was  added  over  a  period  of  1  hour.  Mixing  was 
continued  at  room  temperature  for  4  days.  The  completion  of  reaction  was  determined  by  the  Bcilstein  test.  Then 
carbon  dioxide,  which  had  been  washed  with  water  and  dried  with  sulfuric  acid  and  calcium  chloride,  was  passed 
through  the  solution.  When  precipitation  was  complete,  the  precipitate  was  filtered  off  very  rapidly  (in  2-  3  minutes). 

a)  Treatment  of  the  filtrate.  The  filtrate  was  at  once  transfered  to  a  distillation  flask,  the  methyl  alcohol 
was  distilled  off  at  atmospheric  pressure  and  then  the  methyl  alcohol  distilled  off  and  the  residue  were  fractionated 
on  a  column.  A  material  was  obtained  with  b.p.  77-78°  at  74  mm  and  154-155*  at  normal  pressure.  The  methyl 
lactolide  had  a  strong  camphor  smell,  was  very  volatile,  despite  the  relatively  high  boiling  point  and  did  not  resin- 
ify  or  polymerize  on  distillation.  The  infrared  spectrum  did  not  have  absorption  maxima  characteristic  of  OH  and 
C  =  0  groups,  but,  in  the  region  characteristic  of  oxide  rings,  it  had  a  maximum  at  896  cm'^  (figure  ,  curve  1). 

df  0.8916,  n^  1.4173,  MRp  44.65  calc.  44.98. 

Found  <70:  C  67.91,  68.01;  H  11.46,  11.32.  OCH3  20.0.  C9Hi,02.  Calculated  <7o;  C  68.31;  H  11.47;  OCH3 

19.6. 

Besides  the  initial  fraction  from  the  distillation,  a  small  fraction  (2  g)  was  isolated,  with  b.p.  70-71*  at 
37  mm,  np  1.4260,  which,  from  spectral  data  and  its  stability  to  hydrolysis,  appeared  to  be  methoxypentamethyl- 
acetone  (curve  3). 
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b)  Treatment  of  the  precipitate.  The  precipitate,  which  was  saturated  with  a  liquid  material,  was 
dissolved  in  water;  the  organic  material  was  extracted  with  ether  and  the  ether  extract  was  dried  with  Na2S04. 
The  ether  was  distilled  off  and  the  residue  was  distilled  at  atmospheric  pressure.  The  material  distilled  be¬ 
tween  wide  limits  (154-172*);  during  the  distillation,  crystals  of  epoxyoctenol  began  to  crystallize  out  in  the 
receiver,  which  were  produced  by  hydrolysis  of  the  methyl  lactolide.  In  all,  7.33  g  of  material  was  obtained. 
The  product  was  heated  with  potassium  sulfate  in  water  to  hydrolyse  the  methyl  lactolide  completely.  0-95  g 
of  material  was  not  hydrolyzed.  In  all,  17  g  of  epoxyoctenol  methyl  lactolide  was  obtained,  representing  53f.. 

3)  Hydrolysis  of  the  methyl  lactolide.  2  ml  of  dilute  acid  (1  drop  of  sulfuric  acid  in  50  ml  of  water) 
was  added  to  0.2  g  of  the  methoxyoxide  and  the  mixture  was  shaken  several  times.  Next  day  white  crystals 
came  out.  They  were  washed  with  water,  dried  and  sublimated;  m.p.  49*,  which  was  not  depressed  by  ad¬ 
mixture  with  authentic  epoxyoctenol.  The  yield  was  0.13  g  (71.3*70).  The  infrared  spectrum  corresponded  to 
that  of  authentic  epoxyoctenol  (curve  4). 


SUMMARY 

1.  The  first  representative  of  aliphatic  a-kieto  alcohol  methyl  lactolides,  epoxyoctenol  methyl  lactolide, 
was  prepared  and  characterized. 

2.  Absorption  and  infrared  spectra  were  determined  for  pentamethylacetone  and  epoxyoctenol  and  its 
methyl  lactolide.  Thelceto  alcohol  structure  of  epoxyoctenol  was  confirmed.  It  was  shown  that  the  character¬ 
istic  frequency  for  the  oxide  ring  of  epoxyoctenol  methyl  lactolide  was  897  cm'^. 
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INVESTIGATION  OF  THE  REACTION  OF  PINACOLS  CONTAINING 
SUBSTITUTED  ACETYLENE  RESIDUES 

XIT.  THE  ACTION  OF  MERCURIC  ACETATE  ON 
UNSYMMETRICAL  DIMETHYLPHENYLPHENYLACETYLENYL-ETHYLENEGLYCOL 

E.  D.  Venus-Danilova  and  A,  Fabritsy 


In  a  previous  report  [1]  we  described  the  reaction  of  unsymm.  dimetliylphenylphenylacetylenyl-ethyl- 
eneglycol  with  mercuric  chloride  and  bromide.  It  was  shown  that  the  action  of  mercuric  chloride  on  this  glycol 
produced,  in  addition  to  the  complex  salt  5,5-dimethyl-2, 4-diphenyl- 2-hydroxydihydrofuran-2,.'j,  the  isomeriza¬ 
tion  of  the  glycol  into  the  2-hydroxydihydrofuran-2,ri,  and  also  an  organomercuric  compound,  which  however, 
could  not  be  isolated,  but  whose  presence  was  proved  by  the  formation  of  its  symmetrization  product  on  treating 
the  organomercuric  compound  with  ammonia  gas. 

A  scheme  for  the  reactions  of  unsymm.  dimethylplienylphenylacetylenyl-ethyleneglycol  was  proposed. 

In  this  report  we  give  the  results  of  the  action  of  mercuric  acetate  on  the  same  glycol.  We  selected  mercuric 
acetate  in  the  hope  that  with  this  strong  mercurating  agent  it  would  be  possible  to  isolate  the  organomercuric 
compounds  thus  formed  and  to  investigate  them  more  closely. 

Actually,  in  tliis  case  the  reaction  of  unsymm.  dimethylphenylphenylacetylenyl-ethyleneglycol  with  mercuric 
acetate  in  an  alcohol  medium  did  form  an  organomercuric  compound  which  was  successfully  isolated  and  some 
of  whose  derivatives  were  prepared. 

The  dimethylphenylphenylacetylenyl- ethyleneglycol  (I)  reaction  with  mercuric  acetate  was  carried  out  in 
acetic  acid  and  alcohol  media.  Probably,  the  organomercuric  material  (II)  (2-methyl-3,5-diphenyl-4-aceto- 
mercuripenten-3-ol-2-oue-r)),  was  produced  in  acetic  acid  and  this  material  corresponded  to  the  mercurated, 
ethylene  y-keto  alcohol  (2-methyl-3,5-diphenylpenten-3-ol-2-one-5)  (diagram)  and  possibly  a  trace  of  the 
hydroxydihydrofuran  was  produced  whose  formation  can  be  explained  in  this  case  by  effect  of  the  acidic  medium. 
The  mercurated  y-keto  alcoliol  could  not  be  isolated  from  the  mixture  of  reaction  products  in  acetic  acid,  as  a 
thick  sticky  mass  was  formed  which  hardened  very  rapidly  into  a  glasslike  product. 

A  crystalline  substance  (II)  could  be  isolated  from  mercuric  acetate  by  treatment  of  the  glycol  in  alcohol 
solution.  The  crystalline  and  glasslike  products  formed  the  same  2,4-dinitrophenylhydrazone,  (III)  containing 
mercury,  and  according  to  analysis  data,  corresponding  to  the  2,4-dinitrophenylhydrazone  of  a  mercurated  ethylene 
y-keto  alcohol  (II). 

The  action  of  calcium  chloride  on  the  glasslike  (from  the  acetic  acid  solution)  and  the  crystalline  (from 
the  alcohol  solution)  organomercuric  compound  resulted,  not  in  replacement  of  the  acetic  acid  residue  by  halogen, 
but  by  a  systematization  reaction  [2]  with  the  formation  of  the  same  material.  In  contrast  to  the  cyclic  system¬ 
atization  product,  obtained  by  ammonia  treatment  of  the  organomercuric  compound  from  the  glycol  and  mer¬ 
curic  chloride  [1],  an  open  structure  can  be  ascribed  to  this  substance  (IV)  (4-di-(2-methyl-3,5-diphenylpenten-3- 
ol  -  2-  one-5)-  mercury]. 

The  glycol  reactions  with  mercuric  acetate  are  analogous  to  reactions  with  mercuric  chloride  and  are 
shown  in  the  scheme. 
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In  this  case,  in  contrast  to  mercuric  chloride  reaction  with  the  glycol,  cyclization  of  the  organomercuric 
compound  (II)  into  the  mercurated  2-hydroxydihydrofuran  (VI)  (5,5-dimethyl-2,4-diphenyl-3-acetomercuri-2- 
hydroxydihydrofuran-2,5)  did  not  take  place;  therefore  an  open  form  may  be  ascribed  to  the  symmetrization 
product  of  this  organomercuric  compound  (IV). 

The  organomercuric  compound  (II)  was  decomposed  by  hydrochloric  acid  and  a  mercuric  complex  was 
immediately  precipitated,  [3]. 

5,5-Dimethyl-2,4-diphenyl-2-hydroxydihydrofuran-2,5  (V)  was  mercurated  by  mercuric  acetate  for  com¬ 
parison  with  the  organomercuric  compound  (II)  obtained  from  the  glycol.  It  was  found  that  mercuric  acetate, 
being  a  strong  mercurating  agent,  mercurated  2-hydroxydihydrofuran- 2,5  with  the  formation  of  a  substance  (VI), 
different  from  the  organomercuric  compound  (II).  The  mercurated  hydroxydihydrofuran  on  symmetrization  by 
calcium  chloride,  was  converted  into  the  cyclic  symmetrization  product,  obtained  by  ammonia  treatment  of 
the  reaction  product  from  the  glycol  and  mercuric  chloride  (1). 

Mercurated  hydroxydihydrofuran  (VI)  also  gave  the  same  2,4-dinitrophenylhydrazone  as  the  product  obtained 
by  mercuric  acetate  treatment  of  the  glycol,  as  during  the  formation  of  mercurated  hydroxydihydrofuran  2,4- 
dinitrophenylhydrazone  the  substance  (VI),  like  hydroxydihydrofuran, .  reacted  in  the  open  form  corresponding 
to  an  ethylene  y-keto  alcohol. 

It  sliould  be  noted  that  the  c^ganomercuric  compounds,  formed  by  mercuric  acetate  treatment  of  the  glycol 
and  hydroxydihydrofuran  could  not  be  obtained  in  a  sufficiently  pure  state,  as  their  analyses  showed.  These  sub¬ 
stances  were  very  soluble  in  all  usual  organic  solvents  and  separated  from  the  solutions  as  an  oily  mass,  while, 
on  the  contrary,  their  symmetrization  products  were  characterized  by  very  low  solubility. 

EXPERIMENTAL 

Experiment  1.  Mercuric  acetate  and  the  glycol  in  acetic  acid  solution.  5  experiments  w«e  carried  out 
in  60%  acetic  acid,  in  which  the  ratios  of  glycol  to  mercuric  acetate  were  1:1,  1:2  and  1:0.33.  In  all  the  ex¬ 
periments  and  temperature  was  about  80*  and  heating  was  continued  for  2|^to  4  hours. 

On  mixing  the  acetic  acid  solutions  of  the  glycol  and  the  mercury  salt  slight  heat  was  evolved  and  a  very 
small  white  precipitate  appeared.  After  cooling,  the  reaction  mixture  was  diluted  with  water  and  the  emulsion 
produced  was  either  immediately  extracted  with  benzene  or  before  extraction  was  neutralized  with  bicarbonate. 

In  all  the  experiments,  a  thick,  yellowish,  uncrystallizable  mass  was  obtained,  which  thickened  very  much 
on  standing  and  was  converted  into  a  transparent  glasslike  mass,  which  was  readily  soluble  in  ether  and  benzene 
and  more  difficultly  in  alcohol  and  gasoline.  The  material  quickly  decolorized  potassium  permanganate  and 
gave  positive  reactions  for  hydroxyl  (methylmagnesium  iodide)  and  carbonyl  (2,4-dinitrophenylhydrazine)  groups. 

Analysis  of  the  glasslike  material  and  the  thick,  viscous  mass,  obtained  immediately  after  distilling  off 
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the  benzene,  did  not  give  satisfactory  results  corresponding  to  the  production,  by  treatment  of  the  glycol  with 
mercuiic  acetate,  of  material  (II)  (2-methyl-3,5-diphenyl-4-acetomercuripenten-3-ol-2-one-5),  which 
corresponds  to  mercuration  of  the  y-keto  alcohol  C2oH2o04Hg  (C  45.75;  H  3.81;  Hg  38.24;  OH  3.24;  M  524.6). 

The  analysis  data  on  the  glasslike  material,  obtained  in  different  experiments,  gave  high  carbon  (55.89, 
and  hydrogen  (4.59,  5.62‘7<)  contents  and  low  mercury  content  (24.01,  26.79,  25.70<7),  which  indicated 
that  the  material  contained  an  admixture  of  either  original  glycol  or  what  was  more  probable,  the  hydroxy- 
dihydrofuran  (81.20®foC  and  6.77<7o  H). 

Determination  of  tile  mol  1  \/eigltt  gave  sufficiently  satisfactory  results  (531,  575)  and  also  the  determina¬ 
tion  of  the  number  of  hydroxyl  groups  (1.02  and  1.01  or  3.30  and  3.21io). 

Yields  of  glasslike  material  varied  from  83.5  to  97*^,  for  a  ratio  of  Imole  of  glycol;  1  mole’  (CHjCOO)2 
up  to  51<7o  for  a  ratio  of  1:0.33. 

The  dinitrophenylhydrazone  of  the  glasslike  material  came  out  at  once  as  an  orange- yellow  precipitate 
under  the  usual  conditions  [4].  After  2  hours  the  precipitate  was  filtered  off  and  washed  with  a  small  amount 
of  alcohol  and  then  with  ether.  Recrystallization  of  the  precipitate  did  not  succeed  as  this  made  it  darker 
and  stickier.  On  determining  the  melting  point  of  the  washed  2,4- dinitrophenylhydrazone  containing  mercury, 
it  began  to  change  at  100*  and  decomposed  at  144-145*  (III). 

Found  “/o:  N  7.98,  8.19;  Hg  28.86.  CieH2407N4Hg.  Calculated  °!c:  N  7.99;  Hg  28.46. 

Action  of  sulfuric  acid  on  the  glasslike  material.  The  material  dissolved  in  strong  sulfuric  acid  in  the 
cold  without  forming  a  tar;  slight  fluorescence  appeared  at  the  beginning.  On  diluting  the  solution,  it  became 
slightly  turbid  and  a  distinct  violet- green  fluorescence  appeared. 

20%  sulfuric  acid  easily  dissolved  the  material  with  slight  warming  and  fluorescence  appeared.  After 
precipitation  of  ionic  mercury  from  the  solution  with  hydrogen  sulfide,  separation  of  the  mercuric  sulfide, 
neutralization  of  the  solution  and  extraction  with  ether,  we  isolated  2-hydroxydihydrofuran-2,5  with  m.p. 
99-100*. 

Action  of  hydrogen  chloride  on  the  glasslike  material.  Passing  hydrogen  chloride  through  the  ether 
solution  separated  out  the  yellow  mercury  complex  [3]  of  5,5-dimethyl-2,4-diphenyl-2-hydroxydihydrofuran-2,5 
with  m.p.  160-161*  (with  decomp.). 

Decomposition  of  the  glasslike  material  with  hydrochloric  acid  was  carried  out  by  adding  3  ml  of  con¬ 
centrated  hydrochloric  acid  to  a  solution  of  3  g  of  glasslike  material  (with  26.79%  Hg)  in  25  ml  of  ethyl 
alcohol.  The  solution  began  to  turn  yellow  and  became  turbid  at  room  temperature.  After  heating,  the 
yellow  precipitate  which  came  out  was  filtered  off  and  washed  with  alcohol,  benzene  and  ether.  2.3  g  of  a 
crystalline  yellow  complex  with  m.p.  160-161*  (with  decomp.)  was  isolated.  On  adding  two  drops  of  concen¬ 
trated  hydrochloric  acid  to  the  filtrate  and  heating,  no  further  precipitate  separated.  The  alcohol  was  dis¬ 
tilled  off  from  the  filtrate,  water  was  added  to  the  residue  and  the  solution  was  neutralized  with  bicarbonate 
and  was  extracted  with  benzene.  After  distilling  off  the  benzene,  a  thick  mass  remained,  which  crystallized 
and  was  found  to  be  2-hydroxydihydrofuran-2,5. 

Analysis  of  precipitated  complex  with  m.p.  160-161*  (decomp.). 

Found  %:  Hg  35.05;  Cl  17.99.  CijHjTOHgClj-  HjO.  Calculated  %:  Hg  34.96;  Cl  18.55. 

From  the  percentage  of  mercury  in  the  original  glasslike  material  (26.79%)  it  follows  that  the  3  g  of 
material  taken  contained  0.804  g  of  mercury;  as  2.3  g  of  complex,  containing  34.96%)  of  mercury,  (which 
corresponded  to  0.804  g  of  mercury)  was  obtained  from  that  amount  of  glasslike  material,  practically  all  the 
glasslike  material  was  converted  into  the  mercury  complex. 

Action  of  calcium  chloride  in  methyl  alcohol  on  the  glasslike  material.  On  mixing  an  alcohol  solution 
of  the  glasshke  material  with  an  alcohol  solution  of  calcium  chloride  [2],  fine  colorless  crystals  began  to 
separate.  After  15  hours  the  crystals  were  filtered  off,  washed  with  alcohol,  water  and  again  with  alcohol  and 
dried  in  air.  The  m.p.  was  154-155*.  Recrystalization  did  not  succeed  as  the  material  was  insoluble  in  alcohol 
and  ligroin  and  its  solubility  in  benzene  did  not  change  on  raising  the  temperature. 

The  material  reacted  with  methylmagnesium  iodide,  but  quite  slowly;  it  contained  mercury,  gave  a 
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negative  reaction  for  chlorine  and  gave  a  violet  fluorescence  with  sulfuric  acid,  like  2-hydroxydihydrofuran-2,5. 
The  structure  of  the  material  probably  corresponded  to  4-di-(2-methyl-3,5-diphenylpenten-3-ol-2eone-?)- 
mercury  (IV). 

Found  °lcx  C  59.32,  59.29;  H  5.09,  5.11;  Hg  27.37.  M  714.8.  C3eH3404Hg.  Calculated  <^c:  C  59.13;  H  4.65; 

Hg  27.45.  M  730.6. 

On  determining  the  number  of  hydroxyl  groups,  low  results  were  obtained  (0.98,  0.76  or  2.30,  1.78<^ff 
instead  of  2  and  4.65*7),  probably  because  of  the  formation  of  a  precipitate  which  enveloped  the  material. 

Experiment  2.  Mercuric  acetate  and  the  glycol  in  alcohol  solution.  2  g  of  the  glycol,  2.4  g  of  marcuric 
acetate'(molar  rafio>T  :!l),’^0  ml  9’6*f?  ethyl 'alcohol, 5  ml  vrater.were  tahenr  On  w’lxtng 'these,  hea't  V/as  -- 
evolved  and  a  colorless,  slightly  turbid  solution  was  formed.  The  solution  was  heated  to  the  boiling  point  of 
the  alcohol  for  5  hours.  The  solution  gave  an  acidic  reaction  and  smelled  strongly  of  acetic  acid.  After 
evaporating  the  alcohol  off,  a  white  crystalline  mass,  which  smelled  of  acetic  acid,  was  obtained.  The  solid 
material  was  filtered  off,  washed  several  times  with  small  portions  of  water  and  then  aqueous  alcohol  and 
dried  in  air.  The  yield  was  4.1  g  (about  100*7')  of  a  fine  crystalline  powder,  which  was  readily  soluble  in  all 
organic  solvents  and  slightly  less  in  petroleum  ether.  It  melted  in  the  range  104-116'  without  decomposition. 

In  an  attempt  to  recrystallize  it  from  petroleum  ether,  it  separated  in  the  form  of  an  oil.  It  gave  reactions 
for  hydroxyl  and  carbonyl  groups  and  probably  was  (II)  (2-methyl-3,5-diphenyl-4-acetomercuripenten-3-ol-2- 
-9ne-5). 

Found  *7:  C  48.06,  48.02;  H  4.25,  3.95;  Hg  37.82,  37.71.  M  542,  536.  C2oH2o04Hg.  Calculated 

C  45.75;  H  3.81;  Hg  38.24.  M  525. 

The  high  carbon  content  and  the  slightly  low  mercury  content  and  also  the  indistinctness  of  the  melting 
point  of  the  material  was  apparently  caused  by  2-hydroxydihydrofuran-2,5,  as  an  impurity  in  the  organomercury 
compound.  The  material  with  m.p.  109-116'  immediately  gave  a  2,4-dinitrophenylhydrazone  with  m.p.  144' 
when  treated  with  2,4-dinitrophenylhydrazine  in  alcohol  solution  with  sulfuric  acid  present.  The  melting 
point  of  the  hydrazone  obtained  was  not  depressed  on  mixing  with  the  hydrazone  of  (III),  obtained  from  the 
glasslike  material  in  experiment  1. 

When  the  material  with  m.p.  109-116'  was  dissolved  in  methyl  alcohol  and  treated  with  calcium  chloride 
under  the  conditions  in  Experiment  1,  a  material  with  m.p.  155-156'  was  isolated,  which  did  not  depress  the 
melting  point  of  the  product,  obtained  from  calcium  chloride  treatment  of  the  glasslike  material,  and  had 
the  same  properties.- " 

Experiment  3.  Mercuric  acetate  and  5, 5- dimethyl- 2,4- diphenyl- 2-hyd roxyd ihydrofuran-2,5  in  alcohol 
solution.  A  solution  of  I  g  of  the  2-hydroxydihydrofuran-2,5  in  5  ml  of  alcohol  was  poured  into  a  mixture 
of  1.25  g  of  mercuric  acetate,  10  ml  of  96*7  ethyl  alcohol  and  2.5  ml  of  water.  Neither  evolution  of  heat  nor 
disappearance  of  the  mercuric  acetate  occurred.  During  mixing  for  15  minutes  no  change  was  observed.  The 
mixture  was  heated  for  5  hours  while  it  was  stirred  and  the  alcohol  boiled  vigorously;  the  amount  of  mercuric 
acetate  gradually  decreased  and  at  the  end  of  the  heating  a  colorless,  almost  clear  solution  was  obtained  with  a 
strong  smell  of  acetic  acid.  After  evaporating  off  the  alcohol  in  air,  1.9  g  (96*7)  of  a  slightly  grey,  crystalline 
material,  with  m.p.  99-105',  was  obtained,  which  was  purified  by  washing  with  aqueous  alcohol  and  a  very 
small  amount  of  ether.  It  was  not  possible  to  achieve  a  sharper  melting  point  as  the  material  was  extremely 
soluble  in  all  organic  solvents  and  after  evaporatioa  in  an  attempt  at  recrystallization,  it  separated  as  a  thick 
oil  (VI,  5,5-dimethyl-2,4-diphenyl-3-acetomercuri-2-hydroxydihydrofuran-2,5).  The  melting  point  was 
depressed  on  admixture  with  the  organomercury  material  with  m  p.  99-105*,  obtained  by  treatment  of  the 
acetylenic  glycol  with  mercuric  acetate. 

Found  *7:  C  47.01,  47.11;  H  4.22,  4.44;  Hg  39.01.  M  554,  531.  C2oH2o04Hg.  Calculated  <7:  C  45.75; 

H  3.81;  Hg  38.24.  M  525. 

The  analytical  data  and  the  indistinct  melting  point  showed  that  the  pure  form  of  the  organomercury 
compound  had  not  been  successfully  isolated. 

The  2,4-dinitrophenylhydrazone  of  the  material  with  m.p.  99-105*  separated  at  once  as  a  orange-yellow 
precipitate.  It  decomposed  at  144'  and  the  melting  point  was  not  depressed  by  the  2,4-dinitrophenylhydrazones 
obtained  in  experiments  1  and  2  (III). 
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On  treating  the  material.with  m.p.  99-105*  with  calcium  chloride  in  methyl  alcohol,  a  fine  crystalline 
precipitate  separated  much  more  rapidly  than  in  experiments  1  and  2.  After  washing,  the  precipitate  melted 
at  200-202*  and  the  melting  point  was  not  depressed  by  mixing  with  the  heterocyclic  symmetrization  product, 
obtained  by  gaseous  ammonia  treatment  of  the  solution  of  organomercuric  compound  from  mercuric  chloride 
treatment  of  the  glycol  [1].  The  material  did  not  react  with  methylmagnesium  iodide,  contained  mercury, 
gave  fluorescence  with  strong  sulfuric  acid  and  was  soluble  in  the  same  solvents  as  the  material  with  m.p. 

203-  204*. 

Determinations  of  carbon  and  hydrogen  in  the  organomercury  compounds  were  carried  out  by  M.  I. 
Potapenko,  to  whom  we  are  very  grateful. 


SUMMARY 

1.  By  treating  unsymm.  dimethyldiphenylphenylacetylenylethyleneglycol  with  an  alcohol  solution  of 
mercuric  acetate,  we  succeded  in  separating  an  organomercury  compound  corresponding  to  the  open  form  of 
2-hydroxydihydrofuran -  2-methyl-3,5-diphenyl-4-acetomercuripenten-3-ol-2-one-5  which  symmetrized  by 
calcium  chloride  into  4-di-(2-methyl-3,5-diphenylpenten-3-ol-2-one-5)-mercury. 

2.  It  was  shown  that,  in  contrast  to  mercuric  chloride,  mercuric  acetate  mercurates  5,5-dimethyl-2,4- 
diphenyl- 2-hydroxydihydrofuran- 2,5,  forming  5,5-dimethyl-2,4-diphenyl-3-acetomercuri-2-hydroxydihydro- 
furan-2,5,  which  gives  the  same  product  of  symmetrizatioa  by  calcium  chloride  as  the  organomercury  com¬ 
pound  obtained  by  treating  the  glycol  with  mercuric  chloride. 
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THE  REACTION  OF  DIVINYL  OXIDE  WITH  AMINES 


A.  A.  Petrov  and  V.  M  Albitskaya 


K.  A.  Krasiisky  [Ij  established  in  1911  that  ammonia  and  amines  added  to  unsymmetrical  organic  a -epoxides 
with  the  formation  of  alcohols,  containing  a  hydroxyl  on  the  carbon  with  least  hydrogens,  that  is  in  accordance 
with  Markovnikov*s  rule  [2].  In  a  series  of  recently  published  investigations  it  was  shown  by  one  of  us  that  unsym¬ 
metrical  a -epoxides,  especially  of  the  vinylethylene  oxide  type,  add  to  various  materials  under  certain  conditions 
and  in  a  reverse  order  to  that  prescribed  by  Markovnikov’s  rule  [3],  The  particular  tendency  of  vinylethylene  oxides 
to  add  in  an  anomalous  manner  is  due  to  conjugation  between  the  oxide  and  double  bonds. 

In  the  light  of  the  above  investigations,  the  study  of  the  course  of  combination  of  divinyl  oxide  with  ammonia 
and  amines  appeared  very  interesting. 


The  course  of  combination  of  divinyl  oxide  with  ammonia  had  already  been  investigated  [4].  It  was  establish' 
ed  that  in  this  case,  unlike  propylene  oxide  which  has  a  similar  structure,  two  isomeric  amino  alcohols  were  formed 
in  a  ratio  of  6.5:1.  The  amino  alcohol  formed  in  accordance  with  Markovnikov *s  rule  predominated. 

The  isomeric  amino  alcohols  were  separated  as  the  oxalates  which  had  different  solubilities  in  dry  ethyl 
alcohol. 


The  reactions  of  divinyl  oxide  with  amines  have  hardly  been  studied  at  all.  In  the  available  articles  [5]  and 
patents  [6,7]  on  this  problem,  the  products  obtained  were  poorly  characterized  by  the  authors  who,  without  proof, 
adopted  formulas  for  them  that  conformed  to  the  combination  of  amines  with  divinyl  oxide  by  Markovnikov’s  rule. 

We  investigated  the  reactions  of  divinyl  oxide  with  primary  and  secondary  amines  to  characterize  the  add¬ 
ition  comjxjunds  in  more  detail. 

As  a  result  of  reactions  of  divinyl  oxide  with  primary  amines,  from  methylamine  to  butylamine,  5  alkyl- 
aminobutenols  were  obtained,  whose  constants  are  given  in  Table  1,  where  the  melting  points  of  the  picrolonates 

TABLE  1 


Boiling 

point, 

pressure 

(mm) 

MR 

Melting 

Material 

"D 

d 

d 

1 

d-t3 

3.3 

point  of 
picrolo¬ 
nates 

CH2=CH— CHOH-CH2NHCH3  .  .  . 
CHa=CH-CHOH-CH2NHC2H5  .  • 

CH2=CH— CHOH-CH2NHC3H,  .  . 
CH2=CH-CH0H-CH2NHC3H7-  iso 
CH2=CH-CH0H-CH2NHC4H9  .  . 

80.5— 81°  (20) 
86—87  (20) 

95—96  (20) 
89—94  (21) 
108—109  (20) 

0.9282 

0.9114 

0.8991 

0.8906 

1.4608 

1.4570 

1.4580 

1.4508* 

1.4588 

29.89 

34.42 

39.21 

43.94 

29.95 

34.57 

39.19 

43.80 

192—193° 

211-212 

(decomp. 

179-180 

181—182 

CH2=CH-CH0H-CH2N(CH3)2  .  { 

57.5—58.5(20) 
67—68(32  [«]1 

0.8939 

1.4508 

34.68 

34.91 

95-96 

CH2=CH-CH0H-CH2N(C2H6)2  { 

76.5  (20) 
71—72(19) 

0.8705 

1.4470 

1.4445[6] 

43.96 

44.14 

109 

CH2=CH-CH0H-CH2N(C3H,)2  .  . 
CH2=CH-CH0H-CH2N(C4H9)2  .  . 

101  (20) 
127(20) 

0.8598 

0.8560 

1.4480 

1.4508 

53.33 

62.67 

53.38 

62.61 

81-82 

98-99 
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derived  from  them  are  also  given.  Attempts  to  separate  these  picrolonates  into  possible  isomers  (by  solubility) 
were  unsuccessful.  In  each  case  it  was  possible  to  separate  only  one  picrolonate.  From  this  we  concluded 
that  the  primary  amines  combined  with  divinyl  oxide  practically  completely  in  accordance  with  Markovnikov's 
rule. 


It  can  be  seen  from  the  data  in  Table  1  that  with  an  increase  in  the  molecular  weight  of  the  alkyl  (in 
the  limits  €1.4),  the  homologous  difference  in  boiling  points  increases,  the  specific  gravity  falls  and  the  re¬ 
fractive  index  changes  very  little.  The  picrolonates  have  high  melting  points,  and  for  amines  with  even  numbers 
of  carbon  atoms  in  the  radical,  they  are  somewhat  higher  than  for  amines  of  different  structure. 

As  a  result  of  combining  divinyl  oxide  with  four  normal  secondary  amines  (from  dimethylamine  to  di- 
butylamine  inclusively)  4  unsaturated  amino  alcohols  were  obtained,  with  the  constants  given  in  the  same 
Table..  In  accordance  with  the  arguments  given  above,  a  secondary  alcohol  formula  was  ascribed  to  them. 

It  was  impossible  to  find  another  isomer  in  the  mixture  due  to  the  small  quantity  of  picrolonate  used. 

As  can  be  seen  from  the  data  in  Table  1,  the  tertiary  amino  alcohols  differed  from  the  isomeric,  second¬ 
ary  amino  alcohols  in  their  lower  boiling  points,  specific  gravity  and  refractive  indices.  The  melting  points 
of  picrolonates  in  the  tertiary  amino  series  were  considerably  lower  than  for  the  secondary  series  and,  as 
above,  the  effect  of  the  number  of  carbon  atoms  was  observed. 

The  addition  of  amines  to  divinyl  oxide  in  the  manner  prescribed  by  Markovnikov’s  rule  was,  as  was  to 
be  expected,  and  exception.  In  a  series  of  papers  one  of  us  showed  that  an  alkaline  medium  encouraged 
"normal"  addition  of  various  materials  to  unsymmetrical  oxides,  among  them  divinyl  oxide  [3].  The  amines 
possess  considerably  greater  basicity  (by  several  orders)  than  ammonia  and  consequently  must  add  in  greater 
measure  than  ammonia  in  accordance  with  Markovnikov's  rule  and  this  fact  was  actually  observed. 

EXPERIMENTAL 

Amines  obtained  from  the  Leina-verke  factory  were  used  in  this  experiment.  Before  being  used  they 
were  distilled  in  a  fractionating  column.  All  the  amines  boiled  within  a  range  of  1*,  and  had  constants 
similiar  to  those  quoted  in  the  literature. 

Divinyl  oxide  was  prepared  from  the  chlorohydrin.  The  latter  was  prepared  in  its  turn  from  pure  divinyl 
(purity  99.8  •yd  by  the  method  described  earlier  [8]  and  had  the  following  constants: 

B.p.  63.2*  (30  mm),  df  1.1123,  ng  1.4649. 

90  g  of  divinyl  oxide  (88%  when  calculated  on  the  initial  chlorohydrin)  was  obtained  from  160  g  of  divinyl 
chlorohydrin  by  treatment  with  caustic  potash. 

Found  for  the  oxide:  b.p.  67-68*,  dj*  0.8751,  ng  1.4182. 

One  of  us  had  previously  given  the  following  constants  [8]:  b.p.  67*  (750  mm),  dj®  0.8745,  nf)  1.4182. 

The  divinyl  oxide  reaction  with  amines  was  carried  out  under  the  following  conditions.  Divinyl  oxide 
(usually  0.2 mole),  was  added  dropwise  during  vigorous  stirring  to  excess  aqueous  amine  solution  (5- fold  excess 
in  the  case  of  primary  amines  and  3-fold  for  secondary;  the  water  was  35-40%  of  the  solution  in  all  cases). 
Heating  was  observed.  After  standing  for  8-10  hours  dry  potash  was  added  to  the  mixture,  the  upper  layer 
was  separated,  it  was  treated  several  more  times  with  potash,  dried  by  potash  and  distilled  in  a  Widmer  frac¬ 
tionating  column,  first  at  regular  pressure,  then  in  vacuum.  Low-boiling  amines  (methyl-,  ethyl-,  dimethyl- 
amines)  distilled  immediately  on  adding  potash  to  the  reaction  mixture.  In  the  case  of  dibutylamine  all  the 
distillation  was  carried  out  in  vacuum. 

The  constants  of  the  amino  alcohols  obtained  are  given  in  Table  1.  The  melting  points  of  picrolonates 
obtained  from  them  are  also  given.  To  obtain  the  latter  a  theoretical  quantity  of  amino  alcohol  was  added 
to  an  alcohol  solution  of  picrolonic  acid.  The  picrolonate  deposit  was  filtered  off  and  recrystallized  from 
alcohol.  In  all  cases  the  same  picrolonate  was  also  isolated  from  the  mother  liquor. 

Yields  and  analytical  data  for  the  amino  alcohols  and  their  picrolonates  are  given  in  Table  2. 

The  small  higher  fractions  obtained  in  all  cases  were  not  investigated  further. 
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TABLE 


1 

Yield 
(in  ‘I0) 

%  N 

Nittogetj  content 
in  the  nicrolonate 

Material 

found  j 

calcu¬ 

lated 

found 

calcu¬ 

lated 

CHa=CH— CHOH-CH^NHCHt  ,  .  .  .  . 

65 

14.26 

1 

13.85 

1 

18.77,  19.53 

19.17 

CHa— CH— CHOH— CH^NHCaHs  , . 

72 

12.28 

12.19 

18.64, 18.78 

1846 

CH,=CH-CHOH-CH,NHC,H, . 

83 

10.57 

10.84 

17.96, 18.19 

17.81 

CH,--CH-CHOH-CH,NHCiH7- iso 

80 

10.68 

10.84 

— 

— 

CH2-CH-CHOH-CH2NHC4H9  ..... 

82 

10.14 

9.78 

17.41 

17.19 

CH,-CH-CHOH-CHaN(CHi),  .  .  .  .  . 

78 

12.56 

12.19 

18.14 

18.46 

CH2-CH-CHOH— CHaNfCaHs), . 

84 

9.44 

9.78 

17.17 

17.19 

CHa--CH— CHOH-CHaNfCiH,),  ..... 

66 

7.91 

8.18 

16.32 

16.08 

CH2-CH-CHOH-CH2N(C4Ho)2 . 

86 

7.09 

7.03 

•  15.40 

15.11 

SUMMARY 

1.  The  reaction  of  divinyl  oxide  with  primary  amines  (methyl-,  ethyl-,  propyl-,  isopropyl-  and  butylamines) 
and  secondary  amines  (dimethyl-,  diethyl-,  dipropyl-  and  dibutylamines)  was  investigated. 

2,  The  corresponding  amino  alcohols  were  isolated  and  characterized.  Characteristic  picrolonates  were 
obtained  from  amino  alcohols  with  normal  structure  of  the  radical  (in  the  amino  group). 
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HYPOCHLORINATION  OF  PIPERYLENE* 


A.  N.  Pudovik  and  B.  E.  Ivanov 


The  investigations  carried  out  by  B.  A.  Arbuzov  and  V.  M.  Zoroastrova  [1],  Kadesch  [2]  and  A.  A.  Petrov 
[3]  showed  that  hypohalous  acids  and  their  esters  add  to  divinyl  mainly  in  the  1,2  position,  though  not  without 
exceptions,  as  was  stated  earlier  [4].  The  action  of  benzosulfodichloroamide  on  a  solution  of  divinyl  in  ethyl 
alcohol  resulted  in  the  formation  of  about  12%of  1,4  addition  compound  [1].  In  the  case  of  the  simultaneous 
action  of  ethylene  oxide  and  chlorine  on  divinyl,  34‘’7('Of  1,4- addition  compound  -  6 -oxyethylhypochlorite—  was 
obtained.  Kadesch  established  that  hypochlorination  of  divinyl  with  chloride  of  lime  resulted  in  18.6<7o  of  hypo- 
chlorous  acid  addition  in  the  1,4  position  [2].  The  nature  of  the  diene  and  the  hypohalous  ester  and  the  reaction 
method  and  temperature  substanially  influenced  the  course  of  the  addition  [3].  The  addition  of  hypohalous  acids 
and  their  esters  to  divinyl  halide  derivatives  may  take  place  in  the  1,4-  and  3,4-  positions  [5].  The  work  of 
Oroschnik  and  Mallory  [6]  established  that  hypochlorons  acid  and  its  esters  add  to  isofs-ene  in  the  1,2-  and  1,4- 
positions. 

The  results  of  the  investigation  of  the  addition  reaction  of  hypochlorous  acid  with  piperylene  are  given  in 
this  article.  The  hypochlorination  took  place  in  an  aqueous  medium  with  chloride  of  Ume  [2].  This  method  has 
the  advantage  that  a  relatively  small  quantity  of  substitution  products  are  formed  and  there  is  little  chlorine  add¬ 
ition  to  divinyl  hydrocarbons.  Piperylene  chlorohydrins  were  separated  from  the  dichloride  and  other  chlorination 
products  by  washing  the  reaction  mixture  with  water. 

In  accordance  with  the  polarization  of  piperylene  and  hypochlorous  acid  it  seems  likely  that  the  addition 
reaction  would  mainly  follow  the  equation: 

CHj— CH^^CH^CH^Hj  +  HO  -  Cl^ 

CH3-CH0H-CHCL-CH=CH2  +  CH3-CH=CH-CH0H-CH2CI  +  CH3-CH0H-CH=CH-CH,CI  ^ 

(I)  (II)  (HI) 


with  the  formation  of  one,  two  or  three  isomeric  glycol  chlorohydrins.  From  piperylene  hypochlorination  we  act¬ 
ually  did  obtain  all  three  chlorohydrins:  3-chloropenten-l-ol-4  (I)  with  b.p.  50-51*  (13  mm),  n^  1.4570,  d*® 
1.0564;  l-chloropenten-3-ol-2  (II)  with  b.p.  66-67*  (15  mm),  n^  1.4665,  d4’l.0720;  l-chloropenten-2-ol-4  (in) 
with  b.p.  82-82.5*  (13  mm),  nJJ  1.4760,  df  1.0835. 

The  chlorohydrin  separation  was  carried  out  by  repeated  distillation  of  the  reaction  mixture  and  separate 
fractions  in  a  bubble-cap  column  with  an  efficiency  of  about  20  theoretical  plates.  The  overall  chlorohydrin 
yield  was  about  13%  on  piperylene  used;  the  greater  part  of  it  was  recovered  unchanged  from  the  reaction.  Analysis 
results  on  chlorine  content  and  calculation  of  molecular  refractions  showed  that  all  3  separated  products  were 
piperylene  chlorohydrins.  The  presence  of  the  hydroxyl  group  in  the  chlorohydrins  was  proved  by  preparing  mono- 
chlorohydrin  a -glycol  acetates,  using  acetic  anhydride.  The  action  of  aqueous  alkali  solution  on  the  chlorohydrins 
(I)  and  (II)  at  160*  gave  the  corresponding  piperylene  a -epoxides;  under  similar  conditions,  no  oxide  was  obtained 
from  (III).  By  treating  (I)  and  (III)  with  bromine,  dibromides  were  obtained  and  characterized.  The  position  of 
the  double  bond  in  the  chlorohydrins  was  proved  by  their  oxidation  with  potassium  permanganate  and  ozonization. 
On  ozonization  and  oxidation  of  chlorohydrin  (I),  formaldehyde  (condensation  product  with  B-naphthol  with  m.p. 
188*)  and  formic  acid  respectively  were  separated  and  identified. 


•  Preliminary  report:  Proc.  Acad.  Sci.  USSR  103,  443  (1955). 
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Acetaldehyde  (2,4-diiiitrophcnylhydra/,one  with  m.p.  IhS-lSG*)  was  obtained  from  ozonization  of  (II),  and 
monorliloroacctic  acid  by  oxidizing  (III)  witli  potassium  permanganate. 

The  reactions  carried  out  can  be  represented  by  the  following  diagram; 
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A  study  of  the  hydrolysis  kinetics  of  a  0.1  M  aqueous  chlorohydrin  solution  at  50*  showed  that  after  8  hours 
41  ‘fof  (I),  47*^  of  (III)  and  1%  o{  (II)  were  saponified.  The  ease  of  saponification  of  (I)  and  (III)  was  due  to  their 
having  chlorines  in  the  allyl  position;  in  (II)  the  chlorine  atom  was  isolated  from  the  double  bond.  The  kinetic 
data  likewise  confirmed  the  structure  of  the  chlorohydrins  (I),  (II)  and  (III).  The  results  of  this  investigation  show 
that  hypochlorous  acid  adds  to  piperylene  in  the  1,2-,  3,4-  and  1,4-  positions.  . 

EXPERIMENTAL 

Hypochlorination  of  piperylene  in  an  aqueous  solution  of  chloride  of  lime.  A  strong  current  of  carbon  dioxide 
was  passed  through  a  suspension  of  400  g  of  chloride  of  lime  in  5  liters  of  water  at  0*  for  30  minutes  with  vigorous 
mechanical  stirring  Then  400  g  of  piperylene  was  added  to  the  reaction  mixture  in  small  portions  over  3  hours, 
with  continuous  stirring  and  passing  of  carbon  dioxide.  Stirring  of  the  reaction  mixture  was  continued  for  a  further 
2  hours.  By  that  time  the  reaction  was  complete  (test  with  potassium  iodide).  The  aqueous  solution  was  saturated 
with  salt  and  extracted  5  times  with  ether.  The  upper  layer  combined  with  the  ether  extract.  The  ether  solution 
was  dried  over  sodium  sulfate.  The  experiment  was  repeated  three  times.  Piperylene  and  ether  were  distilled  off 
on  a  water  bath.  The  weight  of  the  residue  was  230  g.  Analysis  for  chlorine  content  on  the  residue  showed  that 
it  was  a  mixture  of  piperylene  chloride  and  chlorohydrin. 

Found  %  Cl  41.10.  C5H/ICI.  Calculated  Cl  29.46.  CsHgClj.  Calculated  t:  Cl  51.08. 

To  extract  the  chlorohydrin  from  the  residue,  it  was  washed  10  times  with  100  ml  portions  of  water.  The 
aqueous  solution  of  piperylene  chlorohydrin  was  saturated  with  salt  and  extracted  5  times  with  ether.  After  drying 
over  sodium  sulfate,  the  ether  was  distilled  off  and  the  residue  (145  g)  was  distilled  under  vacuum  through  a  bubble- 
cap  column  with  an  efficiency  of  about  20  theoretical  plates.  The  distillation  was  carried  out  at  30  mm  pressure. 

6  fractions  were  obtained:  1st  up  to  61*,  8  g;  2nd  61-62*,  30  g;  3rd  62-73*,  2.r)g:  4th  73-74.5*,  13  g;  5th  74.5-92*, 

4  g;  6th  92-92.5*,  25  g;  residue  30  g. 

A  second  distillation  of  the  2nd  fraction  gave  25  g  of  3-chloropenten-4-ol-3. 

B.p.  50-51*  (13  mm),  ng  1.4570,  d5®1.0564,  MRp  31.07;  Calcd.  31.25. 

Found  er;  Cl  29.51.  CgHpCl.  Calculated -f  ;  Cl  29.46. 

7  g  of  5-chloropenten-2-ol-4  were  isolated  by  a  second  distillation  of  fractions  4  and  5. 
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H.p.  66-«7*  (15  mm),  iif)  l.4r)(irj,  df  1.0720,  MRj^  31.16;  Calcd.  31.25. 

round  "/p:  Cl  2’.).21  .  CjIljOCI.  Calcnlarcd ')!:  Cl  20.46. 

A  second  di.stlllation  of  fraction  6  gave  21  g  of  5-ehloropenten-3-ol-2. 

B.p.  82-82.5*  (13  mm),  ng  1.4760,  dfl.08.35,  MRp  31.30;  Calcd.  31.25. 

Found  f/p:  Cl  29.43.  CgH^Cl.  Calculated  <7f>:  Cl  29.46. 

Oxidation  of  3-chloropenten-4-ol-2  with  potassium  permanganate.  58  g  of  finely  powdered  potassium 
permanganate  was  gradually  added  to  12  g  of  3-chloropenten-4-ol-2  in  800  ml  of  water,  which  was  cooled 
with  water  and  stirred.  The  rate  of  addition  was  regulated  so  that  the  temperature  of  the  reaction  mixture 
did  not  rise  above  15*.  The  precipitate  of  manganese  dioxide  was  filtered  off  and  washed  with  hot  water  and 
the  filtrate  was  evaporated  in  vacuum  and  acidified  with  50<7c  sulfuric  acid.  The  acid  was  separated  by  many 
extractions  with  ether.  The  ether  extract  was  dried  over  calcium  chloride  and  the  ether  was  distilled  off.  The 
residue  was  twice  distilled  to  give  3  g  of  formic  acid  (b.p.  101-102*,  ng  1.3960,  d4’l.2270).  It  had  a  sharp, 
characteristic  smell  and  reduced  ammoniacal  silver  nitrate  solution. 

Oxidation  of  5-chloropenten-3-ol-2  with  potassium  permanganate.  58  g  of  finely  powdered  potassium 
permanganate  was  added  with  stirring  to  a  solution  of  12  g  of  5-chloropenten-3-ol-2  and  40  g  of  magnesium 
sulfate  in  400  ml  of  water.  The  reaction  mixture  was  further  treated  as  described  above.  Distillation  of  the 
residue  gave  4  g  of  monochloroacetic  acid.  B.p.  175-180*;  m.p.  60-61*. 

Found  Cl  37.36.  CjHsOjCl.  Calculated  %:  Cl  37.57. 

Ozonolysis  of  3-chloropenten-4-ol-2.  5  g  of  3-chloropenten-4-ol-2  was  dissolved  in  50  ml  of  dry  chloro¬ 
form  and  a  stream  of  oxonized  oxygen  was  passed  through  it  at  0*  for  14  hours.  The  chloroform  was  distilled  off 
under  vacuum  and  the  ozonide,  in  the  form  of  a  thick,  glassy  mass,  was  covered  with  30  ml  of  ether  and  was 
left  to  stand  overnight  at  room  temperature.  The  ether  was  distilled  off  in  vacuum  and  the  ozonide  was  de¬ 
composed  by  gradually  heating  with  water  to  100*  in  a  flask  with  a  reflux  condenser.  Formaldehyde  was 
identified  in  the  form  of  methylene  dinaphthol.  The  m.p.  was  187-188*  with  slight  decomposition  (from  al¬ 
cohol)  A  mixed  m.p.  showed  no  depression. 

Ozonolysis  of  5-chloropenten-2-ol-4.  A  stream  of  ozonized  oxygen  was  passed  for  14  hours  through  a 
solution  of  4  g  of  5-chloropenten-2-ol-4  in  50  ml  of  chloroform.  The  procedure  of  the  previous  experiment 
was  followed.  The  ozonide  was  decomposed  by  gradually  heating  to  100*  with  water.  Acetaldehyde  distilled 
off  and  was  trapped  in  a  solution  of  2,4-dinitrophenylhydrazine.  After  recrystallization  from  alcohol,  the 
2,4-dinitrophnnylhydiazone  had  m.p.  166-167  (and  mixed  m.p.). 

The  audition  of  bromine  to  3-chloropenten-4-ol-2.  16  g  ot  bromine  in  10  ml  chloroform  was  added 
to  12  g  of  3->chloropenten-4-ol-2  dissolved  in  15  ml  chloroform,  while  cooling  with  ice.  After  standing  for 
2  hours,  complete  loss  of  color  was  observed.  Vacuum  distillation  gave  20  g  of  l,2-dibromo-3-chloropen- 
tanol-4  in  the  form  of  a  very  viscous  liquid.  B.p.  136-138*  (15  mm),  n®  1.5470. 

Found  fo:  Cl  +  2Br  70.15;  C5H9Br2Cl.  Calculated  %:  Cl  +  2Br  69.70. 

The  addition  of  bromine  to  5-chloropenten-3-oi-2.  16  g  of  l-chloro-2,3-dibromopentanol-4.  In  The 
form  of  a  very  thick  liquid,  was  obtained  from  12  g  of  5-chloropenten-3-ol-2  and  16  g  of  bromine  by  the 
method  described  above.  After  standing  for  a  short  time  at  room  temperature,  it  completely  cr5^tallized. 

B.  p.  146-149*  (15  mm),  m.p.  (from  alcohol)  69-70*. 

Found  ‘7o;  Cl  +  2Br  70.02.  CsHjBr^l.  Calculated  Cl  +  2Br  69.70. 

Acetylation  of  3-chloropenten-4-ol-2.  The  reaction  mixture,  composed  of  8  g  of  3-chloropenten-4- 
ol-2,  7.8  g  of  acetic  anhydride  and  20  ml  of  benzene,  was  heated  under  reflux  on  a  water  bath  for  5  hours. 

The  benzene  and  acetic  acid  were  distilled  off  and  the  residue  was  distilled  in  vacuum.  After  2  distillations, 

6  g  of  3-chloropenten-4-ol-2  acetate  was  obtained. 

B.p.  66-67*  (13  mm),  ng  1.4365,  df  1.0604,  MRp  40.11;  Calc.  40.61. 

Found  ‘Jb;  Cl  21.73.  CtHhOjCI.  Calculated  ‘7o:  Cl  21.85. 

Acetylation  of  5-chloropenten-3-ol-2.  10 g  of  5-chloropenten-3-ol-2  and  10  g  of  acetic  anhydride. 
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dissolved  in  25  ml  of  benzene,  were  heated  under  reflux  on  a  water  bath  at  80-90*  for  5  hours.  7  g  of  5-chloropen- 
ten-3-ol-2  acetate  was  obtained  from  the  distillation. 

B.p.  89-89-5*  (13  mm),  ng  1.4555,  df  1.0790,  MRd  40.76;  Calc.  40.61. 

Found  <7.:  Cl  21.87.  CtHuOjCI.  Calculated  ‘7(;  Cl  21.85. 

Action  of  alkali  on  3-chloropenten-4-ol-2.  12  g  of  3-chloropenten-4-ol-2  was  added  dropwise  to  100  ml  of 
60%  aqueous  potassium  hydroxide  solution,  heated  to  160*.  The  distillate  obtained  separated  into  two  layers  on 
standing;  the  upper  layer  was  separated  off  and  dried  over  sodium  sulfate.  5.6  g  of  2,3-epoxypenten-4  was  ob¬ 
tained  by  distillation. 

B.p.  82-83*.  ng  1.4135,  df  0.8464,  MR^  24.77;  Calc.  24.26. 

Found  %:  C  71.14;  H  9.48.  CgHjO.  Calculated  C  71.43;  H  9.52. 

Action  of  alkali  on  5-chloropenten-2-ol-4.  2.6  g  of  l,2-epoxypenten-3  was  obtained  from  6  g  of  5-chloro- 
penten-2-ol-4  by  the  method  described  above. 

B.p.  103-104*,  ng  1.4345,  df  0.8750,  MRp  25.25;  Calc.  24.26. 

Found  <7,:  C  71.50;  H  9.63.  CjHgO.  Calculated  %;  C  71.43;  H  9.52. 

Action  of  alkali  on  5-chloropenten-3-ol-2.  12  g  of  5-chloropenten-3-ol-2  was  added  to  100  ml  of  60% 
aqueous  potassium  hydroxide  solution  heated  to  150*.  A  considerable  amount  of  resinous  product  was  formed. 

The  separation  of  any  kind  of  reaction  product  was  unsuccessful. 

Kinetics  of  saponification  of  piperylene  chlorohydrin.  1.205  g  of  each  chlorohydrin  was  weighed  into  a  100  ml 
graduated  flask.  The  graduated  flasks  were  made  up  to  the  mark  with  water, heated  to  50*,  shaken  until  the  sample 
dissolved  completely  and  placed  in  a  thermostat  at  50  ±  0.3*.  The  concentration  of  Cl"  in  samples  withdrawn, 
was  determined  by  Volhard  titrations. 

SUMMARY 

1.  It  was  shown  that  hypochlorous  acid  adds  onto  piperylene  in  the  1,2-  3,4-  and  1,4- positions. 

2.  The  following  piperylene  3-chlorohydrins  were  isolated,  characterized  and  their  structures  proved:  3- 
chloropenten-l-ol-4,  l-chloropenten-3-ol-2  and  l-chloropenten-2-ol-4. 
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CONDENSATION  OF  DIENE  HYDROCARBONS  WITH  AC  ET  Y  LENEDIC  A  RBOX  Y  LIC 
ACID  AND  ITS  METHYL  ESTER 

N.  P.  Sopov  and  V.  S.  Miklashevskaya 

A  series  of  diene  syntheses  with  the  simplest  acetylene  aldehydes,  ketones,  acids, and  esters  was  described 
earlier  [1-4]. 

The  simplest  dibasic  acetylene  acid,  acetylenedicarboxylic,  and  its  esters  have  long  been  used  for  diene 
syntheses,  but  up  to  the  present  time  only  their  reactions  with  divinyl  [5]  and  cyclopentadiene  [6],  have  been  de¬ 
scribed,  furthermore  in  the  case  of  esters  the  products  obtained  were  not  completely  characterized. 

This  investigation  aimed  at  the  study  of  the  conditions  and  condensation  products  of  the  reactions  of  di¬ 
methyl  acetylenedicarboxylate  with  .divlnyl,  piperylene,  isoprene  and  dipropylene. 

The  reactions  were  carried  out  in  sealed  glass  tubes  at  140-155*  for  12  hours.  In  all  cases  the  expected 
dihydrophthalic  esters  were  isolated. 

Dimethyl  A^’^-dihydrophthalate  had  been  obtained  earlier  [5],  but  had  not  been  completely  characterized. 
Esters  of  6-methyl-  4-methyl-  A^’^-,  and  3,6-dimethyl-  A^*^-dihydrophthalic  acid-1,2  had  not  been 

described  previously. 

The  dihydrophthalic  esters  were  odorless  and  colorless  viscous  liquids.  All  were  insoluble  in  water  but  dis¬ 
solved  well  in  benzene,  chloroform  and  other  organic  solvents. 

The  constants  of  the  materials  obtained  are  shown  in  the  table.  The  ester  of  6- methyl- A^*^-dihydrophthalic 
acid  showed  exaltation  of  molecular  refraction. 
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One  of  us  observed  an  analogous  phenomenon  for  condensation  products  of  piperylene  with  propargyl, 
aldehyde  which  was  explained  by  the  isomerization  of  the  original  product  into  a  compound  with  conjugated 
bonds.  However,  the  attempt  to  confirm  the  presence  of  conjugated  bonds  by  reaction  with  maleic  anhydride 
was  unsuccessful  in  this  case. 

The  corresponding  acids,  of  which  only  AV*-dihydrophthalic  acid  [5]  had  been  described  previously, 
were  obtained  by  the  saponification  of  the  dihydrophthalic  methyl  esters. 

The  saponification  rate  of  the  esters  differed.  Dimethyl  AV^-dihydrophthalate  was  sapt  nified  with  ease, 
while  the  reaction  with  3,6-dimethyl-  A‘’f-dibytltophthalic,  ester  was  considerably  more  difficult. 

All  the  acids  were  white  crystalline  materials  with  high  melting  points.  Difficultly  soluble  in  benzene, 
ether,  chloroform  and  cold  water  and  easily  soluble  in  alcohol  and  hot  water.  The  acid  melting  points  are 
given  in  the  table. 

It  should  be  noted  that  it  was  considerably  more  convenient  to  synthesize  AV^-dihydrophthalic  acid -1,2 
and  its  homologs  through  their  esters. 

As  can  be  seen  from  literature  data  [5]  as  well  as  from  our  experiments  with  isoprene,  a  considerable 
portion  of  the  dibasic  acid  was  decarboxylated  during  the  condensation  of  diene  hydrocarbons  with  acetylenedi- 
carboxylic  acid,  and  due  to  this  the  yield  of  dihydrophthalic  acid  was  small.  We  isolated,  among  the  other 
condensation  products  of  acetylenedicarboxylic  acid  with  isoprene,  the  anhydride  of  a  corresponding  dicarboxylic 
acid. 

Dimethyldihydrophthalic  acid  was  hydrogenated  over  Raney  nickel.  The  amount  of  hydrogen  consumed 
was  close  to  the  theoretical. 

The  synthesis  of  cyclohexadiene  glycol  from  dimethyl  dihydrophthalate  by  treatment  with  methyl 
magnesium  iodide  was  unsuccessful.  The  hydrocarbons  formed  during  distillation  of  the  glycol  in  vacuum, 
were  polymerized. 


EXPERIMENTAL 

The  dimethyl  ester  of  acetylenedicarboxylic  acid  was  prepared  by  heating  a  solution  of  40  g  acetylenedi¬ 
carboxylic  acid  in  220  ml  of  methyl  alcohol  with  12  ml  of  concentrated  H2SO4  for  4  hours.  Then  the  alcohol 
was  distilled  off  and  the  residue  was  extracted  with  ether.  After  a  preliminary  wash  with  solutions  of  soda  and 
CaClj  and  drying  over  CaCl2,  the  ether  solution  was  distilled  first  at  normal  pressure  on  a  water  bath  and  then 
under  vacuum.  27.5  g  of  dimethyl  acetylenedicarboxylate  was  isolated: 

B.p.  95-96*  (19  mm),  n^  1.4490.  Reported  data  [6]:  b.p.  95-96®  (19  mm),  n^  1.4444-1.4452. 

Condensation  with  divinyl.  7.0  g  of  the  ester  and  10  ml  of  divinyl  in  20  ml  of  toluene  (0.1  g  of  hydroc- 
quinone)  were  heated  at  140-145*  in  a  sealed  glass  tube  for  12  hours.  The  yield  of  condensation  product  was 
7.5  g  (74.9 ‘5(,  calculated  on  ester).  The  constants  are  given  in  the  table. 

Found  C  61.12;  H  6.12.  C10H12O4.  Calculated  %  C  61.22;  H  6.16. 

1.0  g  of  ester  was  heated  under  reflux  for  2  hours  with  0.82  g  of  NaOH  (4  fold  excess)  in  7.5  ml  of 
water.  The  solution  was  acidified  with  twice  the  calculated  amount  (relative  to  alkali  taken)  of  10%  H2SO4, 
placed  in  a  cooling  mixture  (ice  salt)  and  kept  there  until  it  almost  completely  froze.  After  the  solution  had 
stood  at  room  temperature  for  12  hours,  the  white  precipitate  was  filtered  off.  0.57  g  was  obtained  (65.8% 
of  acid).  The  acid  was  recrystallized  from  water  by  freezing. 

Found  %:  C  57.36;  H  4.90.  Equiv.  84.4.  C,H,04.  Calculated  %:  C  57.14;  H  4.79.  Equiv.  84.1. 

Condensation  with  piperylene.  7.5  g  of  ester  and  20  g  of  piperylene  in  20  ml  of  toluene  (+  hydroquinone) 
were  heated  at  150-155*  for  12  hours.  The  yield  of  condensation  product,  with  b.p.  136.5-144*  (10  mm),  was 
9.4  g  (84.8%).  Two  fractions  were  isolated  by  a  second  distillation:  1st  138.5-140.5*,  5  g;  2nd  141.5-142.5*, 
3.2  g;  residue  2.1  g  (tar). 

The  constants  of  the  1st  and  2nd  fractions  are  given  in  the  table. 
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Found  (for  1st  fraction)  C  63.25  ,  63.12;  H  7.16,  6.98.  Found  (for  2nd  fraction)  %  C  62.50;  H  7.02. 
CUH14O4.  Calculated  fc;  C  62.84;  H  6.71. 


1.2  g  of  ester  (1st  fraction)  was  heated  with  0.93  g  of  NaOH  in  8.5  ml  of  water  for  3  hours.  6-Methyl- 
^^’^-dihydrophthalic  acid  was  isolated  by  the  method  described  above.  The  yield  was  0.65  g  (62.5<7(). 

Found  <7c:  C  58.75;  H  5.53.  Equiv.  90.6.  C9H10O4.  Calculated  «7c:  C  59.34;  H  5.53.  Equiv.  91.1, 

0  5  g  of  acid  and  20  ml  of  acetic  anhydride  were  heated  in  a  sealed  glass  tube  on  a  water  bath  for  3 
hours.  On  cooling  the  solution,  0.12  g  of  6-meihyl-A^-^-tir.y  '.rc);.hth.:  in  anhydride  with  m.p.  140-141",  was 
isolated. 

Found  C  65.42;  H  4.67.  CsHgOg.  Calculated  ‘f.-  C  65.84;  H  4.01. 

Condensation  with  isoprene.  7.0  g  of  ester  and  4  g  of  isoprene  in  20  ml  of  toluene  (+  hydroquinone)  were 
heated  at  150*  for  12  hours.  The  yield  of  condensation  product  was  8.9  g  (86.7‘f).  The  constants  are  given 
in  the  table. 

Found C  63.11,  63  13;  H  6.48,  6.02.  CiiHi404.  Calculated  <>7o:  C  62.84;  H  6.71. 

1.0  g  of  ester  was  heated  for  2  hours  with  0,76  g  of  NaOH  in  7  ml  of  water.  Subsequent  treatment  of  the 
reaction  mixture  gave  0.4  g  (46  2%)  of  acid. 

Found  <7c:  C  59.16;  H  5  97.  Equiv.  90.88.  C9H10O4.  Calculated  <7c;  C  59.34;  H  5.53.  Equiv.  91.08. 

Condensation  with  dipropenyl,  8  g  of  ester  and  10  g  of  dipropenyl  in  20  ml  of  toluene  (+  hydroquinone) 
were  heated  at  150-155*  for  12  hours.  The  yield  of  product  was  9.5  g  (67.3%).  By  distillation  under  vacuum 
twice  two  fractions  were  isolated;  1st  141.5-143*,  3.9  g;  2nd  144-144.5*,  4  g  residue  (tar)  1.1  g. 

The  constants  of  the  1st  and  2nd  fractions  are  given  in  the  table. 

Found  %;  (for  1st  fraction):  C  64  61;  H  7.12.  Ci2Hi504.  Calculated  %:  C  64.27;  H  7.19. 

3.0  g  of  ester  (a  mixture  of  the  two  fractions)  and  2.2  g  of  NaOH  in  19  ml  of  water  were  heated  for  5 
hours.  After  acidification  with  10%  H2SO4  and  cooling  the  solution,  white  crystals  and  an  oily  layer  separated. 
Further  cooling  of  the  latter  gave  a  few  more  of  the  same  crystals.  The  material  was  recrystallized  from  water. 
The  yield  was  0.65  g(24.8%!). 

Found  %:  C  61.32;  H  6  27.  Equiv.  98  2.  CJ0H12O4.  Calculated  %c;  C  61.36;  H  6.17.  Equiv.  98.1. 

0.517  g  of  acid  in  70  ml  of  methyl  alcohol  was  hydrogenated  in  presence  of  Raney  nickel. '  136  ml  Mg 
(22.5°  759mm)  was  taken  up.  The  theoretical  amount  of  Hg  is  118  18  ml. 

Condensation  of  acetylenedicarboxylic  acid  with  isoprene.  3  5  g  of  acid  and  2  g  of  isoprene  in  10  ml 
of  toluene  (+  hydroquinone)  were  heated  at  170*  for  6  hours  On  opening,  the  tube  was  found  to  be  under  pres¬ 
sure.  On  cooling  the  residue,  obtained  after  distilling  off  the  toluene,  we  obtained  0.1  g  of  4- methyl- 
dihydrophthalic  anhydride  with  m.p.  111.5-112*  (from  benzene) 

Found  %  C  65  56;  H  4  57.  CsHPa  Calculated  C  65  85;  H  4,91 

SUMMARY 

1.  The  condensation  of  divinyl,  piperylene,  isoprene  and  dipropenyl  with  dimethyl  acetylenedicarbo- 
xylate  was  investigated. 

2.  From  the  esters  of  A*  ^-dihydrophthalic  acid  and  its  homologs  obtained  in  this  way,  the  correspond¬ 
ing  acids  and  anhydrides  were  prepared. 

3  It  was  shown  that  the  preparation  of  dihydrophthalic  acid  and  its  homologs  proceeds  more  easily 
from  acetylenedicarboxylic  esters  than  from  the  acid  itself,  as  in  the  latter  case  decarboxylation  and  other 
processes  take  place 
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INVESTIGATION  IN  THE  FIELD  OF  CONJUGATED  SYSTEMS 


LXIV.  THE  ACTION  OF  BENZOSULFODIBROMOAMIDE  ON  SOLUTIONS  OF 
PIPERYLENE  IN  METHYL  AND  ETHYL  ALCOHOLS 

T.  A.  Zyryanova  and  A.  A.  Petrov 


It  was  shown  previously  [1]  that  piperylene  adds  alkylhypochlorites  in  the  1,2-  and  1,4-positions  when  treated 
with  alcohol  solutions  of  benzosulfodichloroamide.  The  ratio  between  these  isomeric  chloroethers  is  of  the  order 
5-6:4,  furthermore,  the  position  of  initial  attack  (fixation  position  of  the  chlorine  atom)  is  the  terminal  (fourth) 
atom  of  the  conjugated  system. 

Piperylene  thus  differs  markedly  from  divinyl  in  the  addition  order  of  alkylhypochlorites.  Divinyl,  under  the 
same  conditions,  produces  only  about  10%  of  1,4- products  [2].  The  high  polarity  of  piperylene  is,  apparently,  the 
reason  for  its  increased  yield  of  1,4- products. 

In  the  light  of  this  data,  the  investigations  of  the  addition  order  of  alkylhypobromites  to  piperylene  was  un¬ 
doubtedly  interesting.  These  add  to  divinyl  almost  exclusively  in  the  1,2-position  [2].  With  this  aim,  we  studied 
the  action  of  benzosulfodibromoamide  on  piperylene  in  methanol  and  ethanol  solutions. 

As  in  the  case  of  alkylhypochlorites,  the  formation  of  6  isomeric  bromoethers  would  be  expected; 

CH3-CH=CH-CH(OR)-CH2Br;  (I)  CH3-CH(OR)-CHBr-CH=CH2;  (IV) 

CH3— CH=CH-CHBr— CHgOR;  (II)  CH3— CH(OR)-CH=CH— CH2Br;  (V) 

CH3— CHBr-CH(OR)-CH=CH2;  (III)  CHg-CHBr-CH^CH- -CH2OR.  (VI) 

A  small  initial  fraction  and  a  main  bromoether  fraction  with  a  rather  narrow  boiling  range,  but  with  a  some¬ 
what  high  alkoxyl  and  a  correspondingly  low  bromine  content,  was  obtained  by  distilling  the  reaction  products.* 

The  low-boiling  fraction  contained  a  very  small  quantity  of  bromine  and  ether  groups.  The  characteristic 
methyl  propenyl  ketone  2,4-dinitrophenylhydrazone  was  produced  by  treatment  with  2,4-dinitrophenylhydrazine 
in  acetic  acid. 

It  was  thus  established  that  during  the  process  of  preparing  and  separating  the  bromoethers,  a  partial  dehalo- 
genation  of  the  bromoethers  (I)  apparently  took  place  with  the  formation  of  enol  ethers  CH3rTCH  =CH— C(OR)  =  CH2 
(Vn),  which  were  then  hydrolyzed  to  methyl  j»openyl  ketone. 

A  study  of  the  chemical  reactions  of  the  main  fractions  (bromoethers)  showed  that  they  consisted  of  mixtures 
of  the  isomeric  bromoethers  (I)  and  (V),  with  (I)  as  the  main  component. 

1.  Acetic  and  bromoacetic  acids  were  isolated  from  the  decomposition  products  of  ozonides,  obtained  from 
the  initial  bromoether  mixtures  under  the  usual  conditions.  Acetic  acid  was  determined  as  the  silver  salt  and  the 

bromoacetic  was  separated  in  a  pure  state  and  analyzed.  Formaldehyde  and  formic  acid  were  practically  non¬ 
existent 


•  It  is  possibie  that  the  mixtures  with  no  halogen  content  were  diethers  of  an  unsaturated  glycol.  They  could  have 
formed  as  a  result  of  bromoether  alcoholysis  (V).  However,  cases  where  hydrogen  was  replaced  by  alkoxyls  during 
bromoalkoxylation  have  been  described  in  the  literature  [3]. 
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Acetic  acid  could  have  formed  from  the  isomers  (I)  and  (II).  Bromoacetic  acid  could  be  obtained  only 
from  the  bromoether  (V).  The  absence  of  formaldehyde  and  formic  acid  in  the  ozonization  products  indicated 
that  formation  of  isomers  (III)  and  (IV)  virtually  did  not  take  place. 

2.  When  heated  with  alcoholic  alkali  the  bromoethers  gave  mixtures  of  enol  ethers  (VII)  and  diethers  of  an 
unsaturated  glycol: 

CH3CH(C)R)-CH  ^CH-CHj-CHjOR  (VIII) 

in  a  molar  ratio  of  approximately  2.5;1.  We  have  already  described  the  materials  (VII)  and  (VIII)  in  a  previous 
report  [1].  The  ethers  (VII)  were  obtained  from  bromoethers  in  a  purer  state  than  from  chloroethersj  they  distilled 
within  a  range  of  0.5-1*  and  dissolved  completely  in  a  few  minutes  in  5%H2S04  with  the  formation  of  methyl 
propenyl  ketone. 

A  small  initial  fraction,  obtained  by  distilling  (VII),  did  not  dissolve  completely  in  sulfuric  acid;  however, 
it  formed  the  same  ketone.  We  were  convinced  of  this  by  preparing  the  corresponding  2,4-dinitrophenylhydrazone. 
We  used  two  piperylene  samples:  a  pure  els- isomer  and  a  cis-  and  trans- isomer  mixture,  containing  about  75% 
of  tlie  latter  material. 

Materials  (VII)  that  were  pure  cis-compounds  and  mixtures  of  cis-  and  trans-  forms,  with  a  considerable 
predominance  of  the  latter,  were  obtained  from  the  two  piperylene  samples  respectively. 

Two  methyl  propenyl  ketone  samples  were  obtained  by  hydrolysis.  The  material  obtained  from  cis- piper¬ 
ylene  could  hardly  be  considered  as  a  pure  cis-isomer  as  slight  interconversion  between  cis-  and  trans-isomers 
was  possible  in  the  given  case  through  the  enol  form.  The  constants  of  the  diene  ethers  obtained  are  compared 
in  the  table  with  those  of  unsaturated  diene  ethers  [4]. 


Material 

Boiling 

point 

j20 

"O 

M 

found 

W 

calcu¬ 

lated 

CH^C(OCH0  CH-CHa . ^ 

74—75° 

0.8272 

1.4432 

26.94 

26.00 

CH2=C(OCH3)-CH=CH-CH3  •  . 

106.5-107.5 

0.8350 

1.4555 

31.92 

30.61 

CH2=C(OCHo)— CH=CH— CHg-cis 

105-105.5 

0.8403 

1.4570 

31.81 

30.61 

CHj=C(OC2H6)-CH=CH2  ..... 

93-94 

0.8177 

1.4450 

31.94 

30.61 

CH,=C(0C2H3)-CH=CH-CH3  .  . 

124.5—125.5 

0.8244 

1.4490 

36.49 

35.23 

CH2=C(OC2H5)-CH=CH-CH3-cis 

124—124.5 

0.8294 

1.4530 

36.55 

35.23 

It  is  very  noticeable  that  the  refractive  indices  and  the  values  for  molecular  exaltation  are  considerably 
greater  for  the  materials  obtained  from  piperylene.  The  cis- ethers  differ  in  having  lower  boiling  points  and  greater 
specific  gravities  and  refractive  indices. 

The  diene  enol  ethers  (VII)  can  be  formed  only  from  bromoethers  (I).  Thus,  data  on  alcoholic  alkali  treat¬ 
ment  of  the  bromoethers  proved  the  predominance  of  this  isomer  in  the  addition  products  of  alkylhypobromites 
to  piperylene.  The  diether  (VIII)  could  be  formed  from  (II),  (IV),  (V)  and  (VI)  isomeric  bromoethers  with  or  with¬ 
out  allylic  rearrangement.  The  presence  of  bromoethers  of  isomer  (IV)  in  the  mixture  was  excluded  by  the  ozo¬ 
nization  data.  The  absence  of  isomers  (II)  and  (VI)  in  the  mixture  is  proved  below.  Thus,  the  diether  of  the  un¬ 
saturated  glycol  (VIII)  could  have  been  obtained  only  from  (V). 

3.  Hydrogenation  of  the  initial  bromoether  mixtures  over  Raney  nickel  under  pressure  and  at  room  tempera¬ 
ture  formed:  1)  mixtures  of  ethers  of  methylpropenylcarbinol  and  secondary  amyl  alcohol  (IX)  and  2)  mixtures  of 
saturated  bromoethers  C3H7-ClKOR)-CH2Br  (X)  and  (1).  Material  (IX)  was  purified  by  additional  hydrogenation 
over  colloidal  palladium,  material  (X)  was  purified  from  the  original  unsaturated  bromoether  by  additional  hydro¬ 
genation  and  bromination. 

The  structure  of  the  ethers  of  secondary  amyl  alcohols  was  determined  by  comparing  their  properties  with 
those  of  pure  materials  obtained  by  other  means.  These  ethers  could  have  been  formed  by  hydrogenation  of  the 
bromoethers  (I),  (IV)  and  (V).  It  was  shown  by  a  special  experiment  that  bromoether  (I)  does  not  lose  bromine 
under  the  hydrogenation  conditions  we  chose.  Thus,  ethers  (IX)  could  have  been  formed  only  from  bromoethers  (V). 

The  structure  of  the  methyl  bromoether  (X)  was  determined  by  its  conversion  to  the  methyl  ether  of  the  enol 


2138 


form  of  methyl  propyl  ketone  by  alcoholic  alkali.  Methyl  propyl  ketone  was  obtained  by  hydrolytic  cleavage 
of  this  ether.  The  structure  of  tlie  ethyl  bromoether  (X)  was  determined  by  its  conversion  to  pentene-l  with 
zinc  dust. 

The  unsaturated  bromoethers  (X)  could  have  been  formed  only  from  the  unsaturated  bromoethers  (I). 

The  ratio  of  (IX)  and  (X)  shows  that  the  isomers  (I)  and  (V)  were  approximately  in  the  ratio  2.5-3 : 1  in  the 
initial  bromoether  mixtures,  which  coincides  with  the  data  in  the  previous  section.  It  was  thus  established 
that  alkylhypobromites  add  to  plperylene  in  the  3,4-position  to  a  greater  extent  than  do  alkylhypochlorltes. 

At  the  same  time,  as  in  the  case  of  alkylhypochlorite  addition,  plperylene  shows  a  much  greater  tendency 
than  divinyl  to  form  1,4-products.  We  had  already  noted  [1]  the  high  polarity  of  the  fourth  carbon  atom  in  a 
plperylene  molecule  which  causes  halogen  atoms  to  add  predominately  in  this  position. 

EXPERIMENTAL 

The  Action  of  Benzosulfodibromoamide  on  Methyl  Alcohol  Solutions  of  Piperyxene 

a)  For  the  work  we  used  plperylene  (b.p.  42-43*,  d®  0.6746,  n”  1.4320)  containing  about  70- 75% of 
the  trans-form.  The  reaction  conditions  and  the  method  of  product  isolation  were  those  described  in  the  previous 
paper  for  preparing  and  separating  chloroethers. 

83  g  of  crude  product  wctc  obtained  from  68  g  of  plperylene  and  94.5  g  of  benzosulfodibromoamide  in 
250  ml  of  methyl  alcohol.  The. plperylene  was  distilled  off  on  a  water  bath.  The  residue  weighed  56  g.  Dis¬ 
tillation  of  this  in  a  vacuum  of  20  mm  (25  cm  Widmer  fractionating  column)  gave  the  following  fractions* 

1st  up  to  50*,  2.7  g;  2nd  50-55*,  1.0  g;  3rd  55-65*,  4.2  g;  4th 6&^7:5”„  19,7 g;  5th  67.5-69.5*,  17.3  g;  6lh 
69.5-71*,  3.6  g;  residue  3.5  g. 

The  1st  fraction  distilled  at  122-125*  at  atmospheric  pressure. 

df  0.8896,  ng  1.4498. 

Found  %:  Br  5.18;  OCHj  10.42. 

Treatment  of  this  fraction  with  an  acetic  acid  solution  of  2,4-dlnitrophenylhydrazine  gave  the  2,4- 
dinitrophenylhydrazone  of  methyl  propenyl  ketone  with  m.p.  157-158*  (from  ethyl  alcohol).  A  sample  mixed 
with  authentic  2,4-dinitrophenylhydrazone  of  methyl  propenyl  ketone  melted  at  the  same  temperature. 

The  4th  fractioni(d*®1.2183,  n^  1.4626)  was  distilled  again  at  the  same  pressure*  8.7  g  came  at  67-70*. 

df  1.2432,  ng  1.4656. 

Found  %;  Br  41.91,  42.42.  CjN^OBr.  Calculated  %:  Br  44.63. 

The  5th  fraction  (dj’l.2619,  np  1.4694)  was  analyzed  for  Br  and  OCHs. 

Found  %:  Br  43.39,  43.46;  OCH,  18.55,  18.76.  CsH^HjBr.  Calculated  %:  Br  44.63^  OCHj  17.31. 

Br  and  OCH3  were  also  determined  for  the  6th  fraction  (d4®1.2790,  n*  1.4731)  . 

Found  %:  Br  43.99,  44.13;  OCH3  17.81,  18.14. 

To  determine  the  structures  of  the  bromoethers  of  the  4th,  5th  and  6th  fractions,  derivatives  were  prepared. 

Ozonization.  9  g  of  material  was  taken  for  ozonization.  Formaldehyde  was  not  formed  (test  as  di- 
naphthomethane)  in  a  test  sample  of  the  oxonides.  The  products  from  normal  decomposition  of  the  oxonides 
were  oxidized  with  KMnO^.  4  g  of  acids  was  isolated  from  the  solution  obtained.  The  acids  were  separated 
into  two  fractions:  1st  b.p.  56-60*  (100  mm),  1.55  g  and  the  2nd  b.p.  100-110*  (10  mm),  2.15  g. 

A  silver  salt  was  prepared  from  the  1st  fraction. 

Found  %:  Ag  64.52.  C2HP2^g‘  Calculated  %:  Ag  64.63. 

On  cooling,  the  second  fraction  crystallized.  The  crystals  were  collected,  washed  with  petroleum  ether 
and  recrystallized  from  the  same  solvent.  M.p.  48-49*. 

Found  %:  Br  58.03.  C2Hi02Br.  Calculated  %:  Br  57.55. 
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Action  of  alcoholic  alkali.  56  g  of  bromoether  was  heated  for  9  hours  with  28  g  of  KOH  (threefold  excess) 
in  180  ml  of  methyl  alcohol.  By  the  method  described  earlier  [1],  an  oil  was  isolated  from  the  mixture  ob¬ 
tained  and  this  was  distilled  in  vacuum  at  100  mm  to  give  the  following  two  parts:  1st  up  to  85*  (mainly  at 
44-45*),  10.8  g:  2nd  85-90*,  6.1  g. 

Distillation  of  the  1st  part  at  normal  pressure  gave  the  following  fractions;  1st  up  to  106.5*,  1.0  g; 

2nd  106.5-107*,  7.5  g;  residue  1.0  g. 

The  material  with  b.p.  106.5-107*  had  the  constants  given  in  the  table. 

Found  C  73.51;  H  9.86;  OCHj  31.80,  31.30.  C5H7OCHJ.  Calculated  <^r.  C  73.42;  H  10.27;  OCH3 
31.62. 

On  shaking  with  50  ml  of  5%  H2SO4,  5  g  of  ether  dissolved  in  a  few  minutes  with  slight  heating. 

Methyl  propenyl  ketone  (2.1  g)  was  salted  out  from  the  mixture  obtained  with  (NH4)2S04. 

B.p.  120-121*,  df*  0.8654,  n^  1.4355.  2,4-dinitrophenylhydrazone  melted  157-158*  (from  alcohol). 

Found  N  21.57.  CiiHi204N4.  Calculated  <7o*  N  21.21. 

Literature  data  for  methyl  propenyl  ketone  [5,6]:  b.p.  122*,  d4*0.8624,  n^  1.4350;  2,4-dinitrophenylhydra¬ 
zone;  m.p.  158*. 

By  distilling  the  2nd  part  at  20  mm,  the  following  fractions  were  obtained:  1st  up  to  53*,  0.6  g;  2nd 
53-55*,  2.2  g;  3rd  55-56*,  1.6  g;  4th  56-67*,  1.71  g. 

All  the  fractions  had  specific  gravities  greater  than  one  and  contained  bromine.  Therefore  the  material 
was  again  treated  with  alcoholic  KOH,  after  which  a  fraction  with  b.p.  53-56*  had  d4®0.9058,  n^  1.4250  (j  .Cg). 

Found  ^fcOCHj  47.52.  C5H,(OCHj)2.  Calculated  <7^;  OCH3  47.68. 

The  constants  for  pure  penten-2-diol-l,4  dimethyl  ether  had  been  found  earlier  [1]:  b.p.  52.5-53.5, 

(20  mm),  df  0.8898,  nf)  1.4220. 

Hydrogenation.  58  g  of  bromoether  mixture  with  b.p.  61-67*  (20  mm)  was  dissolved  in  200  ml  of 
CH^H,  mixed  with  25  g  of  CaCOs  and  20  g  of  Raney  nickel  (paste)  and  hydrogenated  in  an  autoclave  at  an 
initial  pressure  of  70  atm.  for  6  hours  at  room  temperature  (15*).  The  reaction  product  was  divided  into  two 
parts  by  distillation  through  a  Widmer  fractionating  column:  1st  up  to  95*  (at  atmospheric  pressure),  5.8  g; 

2nd  63-66*  (at  20  mm),  28.0  g. 

When  distilled  again,  the  1st  part  came  over  mainly  at  87-90*  and  had  dj®  0.7770,  n^  1.3993. 

On  hydrogenating  2.22  g  of  this  material  over  colloidal  Pd  (5  mg)  in  50  ml  CH^OH,  459  ml  of  H2  (20*, 

756.5  mm)  was  taken  up.  This  gave  the  methyl  ether  of  secondary  amyl  alcohol: 

B.p.  88-88.5*,  df  0.7548,  ng  1.3845,  MR  31.66.  C6H14O.  Calcd.  31.55. 

A  sample,  obtained  by  alkylating  secondary  amyl  alcohol,  had  [1];  b.p.  88-88.5,  df  0.7564,  ng  1.3840. 

The  2nd  part  was  separated  into  the  following  fractions  by  distillation:  1st  up  to  63*,  1.7  g;  2nd  63-65”, 

13.5  g  (df  1.2180,  ng  1.4572);  3rd  65-66*,  14.5  g  (df 1.2660,  ng  1.4650);  4th  residue  1  g. 

By  a  second  hydrogenation  (all  the  fractions  were  combined)  under  the  same  conditions,  a  product  was 
obtained  which  started  to  boil  at  150*  at  normal  jxessure.  Distillation  of  the  material  at  20  mm  gave  the 
following  fractions:  1st  up  to  63*,  2.21  g;  2nd  63-63.5*,  12.3  g  (df  1.2351,  ng  1.4515);  3rd  63.5-64*,  6.2  g 
(df  1.2464,  ng  1.4530);  residue  3.8  g. 

The  second  and  third  fractions  were  combined  (17  g)  and  brominated  in  chloroform  with  a  10'7:  solution 
of  bromine  until  decolorization  no  longer  occured.  2  g  of  bromine  was  taken  up  and  this  corresponded  to  a 
13‘7>  content  of  unsaturated  bromoether.  The  saturated  bromoether  was  distilled  off  from  the  tribromide 
through  a  Widmer  column.  Fractions  obtained:  1st  up  to  63*,  3.2  g;  2nd  63.5-64*,  10  g;  3rd  64-65*,  1.4  g; 
residue  1.3  g. 

Found  for  fraction  from  63.5-64*  at  20  mm; 


df  1.2410,  ng  1.4509,  MR  39.28.  CgHiPBr.  Calcd.  39.32. 

Found  %  C  40.03;  H  7.34;  Br  43.72;  OCHj  17.23.  CjHiiOBr.  Calculated  <7c:  C  39.79;  H  7.23;  Br  43.72; 
OCHj  17.13. 

14.5  g  of  bromoether  was  heated  with  a  three  fold  excess  of  25170  KOH  solution  in  methanol  for  7  hours. 
After  working  up  the  mixture  in  the  usual  way,  5  g  of  enol  ether  was  obtained: 

B.p.  89-90*,  df  0.7917,  ng  1.4062.  For  this  ether  the  following  constants  were  found  earlier:  b.p. 
89-90*,  df  0.7888,  ng  1.4062. 

A  solution  of  2,4-dinitrophenylhydrazine  in  acetic  acid  was  added  to  a  small  amount  of  the  material. 
Methyl  propyl  ketone  2,4-dinitrophenylhydrazone  with  m.p.  141*  precipitated  from  the  mixture. 

b)  Cis-piperylene  (b.p.  43-44*,  dj®  0.6912,  ng  1.4362). was  used  for  the  experiments.  The  material  was 
obtained  from  a  mixture  of  piperylenes  by  heating  with  maleic  anhydride  and  subsequent  distillation. 

The  following  constants  are  reported  in  the  literature  for  pure  cis-piperylene  [6]:  b.p.  44.07*,  dj*  0,6910, 
ng  1.4363  (7]. 

From  76  g  of  cis-piperylene  and  100  g  of  benzosulfodibromoamide  in  300  ml  of  methyl  alcohol  was 
obtained  65  g  of  an  oil,  which  was  separated  into  the  following  fractions  by  distillation  at  10  mm:  1st  up  to 
48*,  9  g;  2nd  53-55*,  16.2  g;  3rd  55-57*,  24.42  g;  4th  57-62*,  6  g;  residue  3  g. 

For  fraction  with  b.p.  53-55*  (10  mm):  dj®  1.1972,  ng  1.4618. 

Found  Br  43.01,  43.10;  OCH3  19.20.  CsHgOCHjBr.  Calculated  Br  44.63;  OCHj  17.33. 

For  fraction  with  b.p.  55-57*  (10  mm):  dj®  1.2612,  ng  1.4700. 

Found  <7c:  Br  43.65,  43.71;  OCH,  18.49.  CgHgOCHs  Br.  Calculated  l7o:  Br  44.63;  OCH,  17.33. 

48  g  of  fractions  2,  3  and  4  was  heated  for  9  hours  with  45  g  KOH  (three  fold  excess)  in  100  ml  of  methyl 
alcohol.  15.1  g  of  enol  ether  and  7.6  g  of  ether  diol  weie  isolated  from  the  solution  obtained.  The  constants 
of  the  enol  ether  are  given  in  the  table. 

Found  ojoi  C  73.44;  H  10.29;  OCHj  31.41.  C5H7OCHJ.  Calculated  <^0:  C  73.42;  H  10.27;  OCH,  31.62. 
Methyl  propenyl  ketone  was  obtained  from  the  ether. 

B.p.  116-119*,  df  0.8593,  ng  1.4348. 

Found  C  71.29;  H  9.53.  CjHjO.  Calculated  C  71.40;  H  9.59. 

The  2,4-dinitrophenylhydrazone  of  the  ketone  melted  at  154*  (from  alcohol). 

Found  for  penten-2-diol-l,4  dimethyl  ether; 

B.p.  52-53*,  dj®  0.8754,  ng  1.4235,  MR  37.84.  C7H14O2.  Calcd.  37.34. 

Found  °/i::  C  64.78;  H  11.25;  OCH,  47.47.  CgHjfOCH,),.  Calculated  %  C  64.58;  H  10.84;  OCH, 

47.68. 

Action  of  Benzosulfodibromoamide  on  an  Ethyl  Alcohol  Solution  of  Piperylene 

a)  The  cis-trans- piperylene  mixture  characterized  in  the  previous  section  was  used  for  the  experiment. 
98.7  g  of  a  mixture  of  bromoethers  was  obtained  from  136  g  of  piperylene  and  190  g  of  benzosulfodibromo¬ 
amide  in  600  ml  of  ethyl  alcohol.  Distillation  of  this  mixture  gave  the  following  fractions:  1st  up  to  64*,  15  g; 
2nd  64-69*,  7.0  g  (ng  1.4552);  3rd  69-72*,  53.6  g  (ng  1.4585);  4th  74-80*,  2.0  g  (ng  1.4667);  residue  8.1  g. 

For  the  3rd  fraction: 

Found  1c:  Br  40.14;  CX:,H5  26.10,  26.19.  CjHjOCjHsBr.  Calculated  la  Br  41.39;  OCjHs  23.34. 

Ozonization.  10.0  g  of  the  third  fraction  was  ozonized,  the  ozonides  were  decomposed  with  water  and 
the  products  were  reoxidized  with  permanganate.  Two  acids  were  extracted  with  ether  from  the  solution  ob¬ 
tained:  acetic  and  bromoacetic. 
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The  acetic  acid  bcilcd  at  50-60*  (100  mm);  its  silver  salt  was  analyzed. 

Found  Ag  G'1.24.  C2ll3v>2Ao-  Calculated  Ag  64.33. 

The  Lromoacetic  acid  boiled  at  105*  (10  mm)  and  melted  at  47-48.5*  (from  petroleum  ether).  A  sample 
mixed  with  authentic  bromoacetic  acid  melted  at  the  same  temperature. 

Found  C-;  Br  57.20.  C2Hj02Br.  Calculated  :  Br  57.55. 

Action  of  alcoholic  alkali.  The  action  of  alcoholic  alkali  was  studied  for  the  2nd  and  3rd  fractions 
separately. 

16  g  of  the  2nd  fraction  was  treated  with  20  g  of  KOH  (three  fold  excess)  in  80  ml  of  methyl  alcohol 
(18  hours)  under  the  conditions  described  earlier  and  gave  5.6  g  of  an  oil,  which  was  separated  by  distillation 
at  100  mm  into  a  fraction  65-68*,  3.2  g  and  a  residue  of  1.8  g. 

54  g  of  the  3rd  fraction  was  treated  with  48  g  of  KOH  in  130  ml  of  methyl  alcohol  (18  hours)  to  give 
28  g  of  an  oil.  which  was  separated  by  distillation  at  100  mm  into  the  following  fractions:  1st  65-70*.  14.5  g; 
2nd  70-80*  1,2  g;  residue  9.2  g. 

The  fractions  up  to  70*  (100  mm)  were  combined  and  distilled  at  normal  pressure  with  a  Widmer  frac¬ 
tionating  column.  Results  of  the  distillation:  1st  up  to  122*,  0.5  g;  2nd  122-124.5*,  1.7  g;  3rd  124.5-125.5*, 
10.8  g:  4th  125  5-128*,  2  0  g;  residue  1.3  g. 

The  constants  of  the  main  material  (fraction  124.5-125.5*)  are  given  in  the  table. 

Found  7.;  C  74.82;  H  10  61;  OCjHj  40.55  ,  40.40.  C5H7OC2H5.  Calculated  <5^:  C  74.96;  H  10.78; 

OC2H5  40.17 

Saponification  of  the  ether  with  5<7o  H2SO4  gave  methyl  propenyl  ketone;  its  2,4-dinitrophenylhydrazone 
melted  at  156-157* 

Both  of  the  residues  with  boiling  points  above  70*  (100  mm)  were  combined  and  distilled  at  20  mm. 

This  gave  the  following  fractions’  1st  50-60*,  1.4  g;  2nd  65-68*,  5.3  g;  3rd  68-79*,  2.8  g;  residue  0.7  g. 

Found  for  fraction  65-68*  (20  mm): 

dj'o  8889,  ng  1  4250,  MR  41.41;  Calcd.  41.96. 

Found  C  66  58;  H  11  19.  CgHigOj  Calculated  ‘7c:  C  66  63;  H  11.18. 

Hydrogenation  63  g  of  the  mixture  of  bromoethers  with  b.p.  62-68*  (10  mm)  was  hydrogenated  in  200 
ml  of  methanol  in  the  presence  of  100  g  of  sodium  acetate  and  33  g  of  Raney  nickel  (paste)  for  6  hours  with 
an  initial  hvdrogen  pressure  of  70  atm  This  gave  '7. 5  g  of  a  mixture  of  saturated  and  unsaturated  ethers  not 
containing  halogen  with  b  p  105-108*  (dj®  0.7773,  ng  1.3940  and  30  g  of  bromoethers  with  b.p.  59-60* 

(10  mml. 

On  hydrogenating  5  g  of  the  ethers  which  did  not  contain  halogen,  250  ml  of  hydrogen  was  taken  up 
(in  the  presence  of  colloidal  palladium)  Found  for  the  ethyl  ether  of  secondary  butyl  alcohol  obtained; 

B  p.  105-106*  d4®0.'7565  ng  1.3880  The  constants  for  this  material  were  reported  earlier  [1]:  b.p. 

105-106*  dj®  07635  ng  1 1918 

On  bromination  of  29  5  g  of  the  bromoethers  1.4  g  of  bromine  was  taken  up.  which  corresponds  to 
approximately  a  content  of  the  initial  unsaturated  ether.  After  distillation  from  the  products  of  bromina¬ 
tion  the  material  had  b.p  58-59*  (10  mm),  82  *  (34  mm),  which  corresponds  to  literature  data  [8]. 

Treatment  of  25  g  of  the  bromoether  with  35  g  of  zinc  dust  in  a  water-alcohol  medium  under  the  usual 
conditions  [8]  gave  about  5  g  of  pent.ene-1 

B.p.  29.5-30.5*  dfO  6422  ng  1,3722. 

Reported  values  [9]:  pentene-l;b.p.  30*,  dl®  0.6405,  ng  1.3715;  pentene-2-  b.p.  36.3-36.9*,  dj®  0.6505, 

ng  1  3808. 

The  material  was  ozonized.  In  the  products  of  decomposition  of  the  ozonide  were  found::  formaldehyde 
(determined  in  a  sample  of  the  ozonide  as  dmaphtholmethane;  m.p.  184*),  formic  acid  (calomel  test)  and 
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butyric  acid  (by  smell).  Acetic  acid  was  not  found  (lanthanum  test). 

b)  Cis-piperylene  with  the  constants  reported  above,  was  used  for  the  experiment.  55.7  g  of  a  mixture 
of  bromoethers  was  obtained  from  69  g  of  cis-piperylene  and  90  g  of  benzosulfodibromoamide  in  250  ml  of 
ethyl  alcohol. 

Distillation  of  the  bromoethers  at  10  mm  gave  the  following  fractions:  1st  up  to  60*,  6.2  g;  2nd  60-63*, 

5.4  g:  3rd  64-66*,  15  g;  4th  66-69*,  15.1  g;  residue  4.6  g. 

The  3rd  fraction  had  dj®  1.1877,  n^  1.4630. 

Found  Br  38.31,  38.26;  OC2H5  25.15.  CjHjOCjHsBr.  Calculated  Br  41.39;  OCjHg  23.34. 

The  4th  fraction  had  dj®  1.1923,  n^  1.4648. 

Found  7o:  Br  39.93,  40.22;  OC2H5  24.47.  CsHjOCzHgBr.  Calculated  <7c:  Br  41.39  OC2H5  23.34. 

Treatment  of  34  g  of  the  2nd,  3rd  and  4th  fractions  with  a  solution  of  30  g  of  KOH  in  ethyl  ether  (100  ml) 
gave  11.5  g  of  enol  ether  and  6.2  g  of  the  diethyl  ether  of  an  unsaturated  glycol.  The  constants  of  the  enol 
ether  are  given  in  the  table. 

Found  %  C  75.29;  H  11.16;  OC2H5  40.23.  C5H7OC2H5.  Calculated  C  74.96;  H  10.78;  OC2H5  40.17. 

The  diethyl  ether  of  the  unsaturated  glycol  had  the  constants: 

B.p.  75-76!:(20  mm),  df  0.8610,  ng  1.4255,  MR  47.04;  Calcd.  46.58. 

Found  <^c:  OC2H5  57.10.  C5H8PC2H5V,  Calculated  <7o:  OC2H5  56.95. 

SUMMARY 

1.  The  action  of  benzosulfodibromamide  on  solutions  of  piperylene  (a  cis-trans  mixture  and  pure  cis-form) 
in  methyl  and  ethyl  alcohols  has  been  investigated. 

2.  It  was  shown  that  the  main  products  of  the  reaction  were  mixtures  of  ethers  of  l-bromopenten-3- 
0I-2  (3,4- addition)  and  l-bromopenten-2-ol-4  (1,2- addition)  in  the  molar  proportions  of  approximately 
2.5- 3:1. 

3.  From  the  l-bromopenten-3-ol-2  ethers  were  obtained:  1)  ethers  of  the  enol  form  of  methyl  propenyl 
ketone  (a  mixture  of  cis-  and  trans- forms  and  pur  cis-form)  -  by  alcoholic  alkali  treatment,  2)  ethers  of 
l-bromopentanol-2-  by  reduction  over  Raney  nickel.  Treatment  of  the  methyl  ether  of  bromopentanol  with 
alcoholic  alkali  gave  the  methyl  ether  of  the  enol  form  of  methyl  propyl  ketone  and  treatment  of  the  ethyl 
ether  with  zinc  gave  pentene-1. 

4.  On  treatment  with  alcoholic  alkali,  ethers  of  l-bromopenten-2-ol-4  gave  diethers  of  unsaturated 
glycols  and  on  reduction  over  Raney  nickel  followed  by  colloidal  palladium,  they  gave  ethers  of  secondary 
amyl  alcohol. 

5.  As  a  result  of  the  investigation  it  was  established  that  alkyl  hypobromites,  to  a  greater  extent  than 
alkyl  hypochlorites,  add  to  piperylene  in  the  3,4  position;,  however,  in  comparison  with  divinyl,  piperylene 
forms  much  more  of  the  1,4- products. 
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INVESTIGATION  IN  THE  FIELD  OF  CONJUGATED  SYSTEMS 


LXV.  .  IIYDRCXJENATION  OF  VINYLALKYLACETYLENES  IN  THE  PRESENCE  OF 
COLLOIDAL  PALLADIUM 

Kh.  V.  Balyan,  A.  A.  Petrov  and  Yu,  I.  Porfiryeva 


In  previous  articles  of  this  series  it  was  shown  that  vinylalkylacetylenes  add  hydrogen  halide  to  the  acetylene 
bond,  while  with  bromine,  hypobromous  acid  and  alkylhypobromites  they  form  addition  compounds  mainly  at  the 
double  bond  [1-3],  In  contrast  to  the  above  homologs,vinylalkylacetylene  adds  halogens  and  hydrogen  halides 
either  to  the  triple  bond  or  in  the  1,  4-position,  while  the  fixation  of  the  positively  polarized  part  of  the  added 
molecule  proceeds  in  accordance  with  the  acetylene  grouping  [4,  5], 

In  the  light  of  this  data,  study  of  the  catalytic  hydrogenation  of  vinylalkylacetylenes  over  colloidal 
palladium,  which  is  known  to  be  among  the  most  selective  catalysts  with  double  and  triple  bonds,  seemed  to  be 
of  great  intesest.  It  was  known  from  the  literature  data  that  vinyl-  and  isopropenylacetylenes  added  hydrogens  to 
tlie  triple  bond  in  the  first  place  in  the  presence  of  colloidal  palladium  and  then  the  reaction  was  complicated  by 
subsequent  hydrogenation  of  the  initially  formed  dienes  to  corresponding  olefins  [7-9], 

Our  catalytic  hydrogenation  experiments  with  vinylmethyl-and  vinylethylacetylenes  had  analogous  results: 
hydrogen  was  added  mainly  to  the  triple  bond  with  the  formation  of  piperylene  and  hexadiene-1,  3,  which  however, 
under  the  experimental  conditions,  was  hydrogenated  further  to  a  considerable  degree,  to  the  corresponding  olefins 
(especially  in  the  case  of  vinylethylacetylene). 

The  curve  of  the  uptake  rate  for  vinylmethylacetylene  hydrogenation  had  a  break  only  after  the  addition 
of  2  hydrogen  molecules.  The  third  hydrogen  molecule  as  was  noticed  in  other  cases  [10],  practically  did  not 
add  (Curve  1,  figure). 

Three  possible  hydrocarbons  would  be  expected  from  the  addition  of  one  hydrogen  molecule  to  vinyl¬ 
methylacetylene: 

CH3-CH=CH-CH=CH2,  CH3-C=C-CH2-CH3  and  CH3-CH=C=CH-CH3. 


The  hydrogenation  products  actually  obtained  (34-35"  fraction)  after  fractional  distillation,  were  treated 
with  excess  bromine  in  chloroform.  The  bromides  were  separated  into  two  parts:  1)  dibromides,  produced  from 
the  olefins,  and  2)  tetra bromides,  arising  from  the  diolefins.  The  amount  of  dibromides  formed  decreased  and 
the  amount  of  tetra  bromides  increased  with  the  increase  in  boiling  point  of  the  fractions.  The  46-55"  fraction 
gave  no  dibromides. 

The  amylene  mixture  regenerated  from  the  dibromides  by  zinc  treatment,  produced  formaldehyde,  acetic 
and  propionic  acids  by  ozone  cleavage.  Thus,  it  was  shown  that  a  mixture  of  pentene-1  and  pentene-2  was  ob¬ 
tained  from  vinylmethylacetylene  hydrogenation.  A  mixture  of  these  hydrocarbons  was  also  obtained  during 
piperylene  hydrogenation  [11]. 

Twenty-eight  percent  of  crystalline  piperylene  tetrabromide  with  m.  p.  114"  was  separated  from  the  tetra- 
bromides  by  freezing.  It  is  known  from  the  literature  data  that  cis -piperylene  gives  38%  of  crystalline  tetra¬ 
bromide  when  brominated while  transT)iperylene  gives  only  13.8%  [12].  By  comparing  this  data  with  our  values 
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it  may  be  concluded  that  vinylmethylacetylene  hydrogenation  prtxiuces  mainly  cis-piperylene. 

A  hydrocarbon,  with  constants  similar  to  those  found  earlier  for  piperylene,  was  regenerated  from  the 
liquid  tetrabromides.  In  the  combination  scattering  spectrum  of  the  material,  frequencies  characteristic  for 
piperylene  were  detected,  in  particular  one  at  1655  cm~^  (trans-piperylene  frequency)  [13],  as  well  as  one  of  the 
more  intense  frequencies  of  the  vinylmethylacetylene  triple  bond  (2236  cm"^).  Apparently  the  latter  material 
was  present  as  a  slight  trace.  A  characteristic  frequency  of  the  methyletliylacetylene  triple  bond  (2304  cm'^) 
was  not  in  the  spectrum. 

To  detect  the  latter  material  we  examined  the  com¬ 
bination  scattering  spectrum  of  the  55-57*  fraction,  which 
should  have  been  the  richest  in  methylethylacetylene.  In 
the  spectrum  of  this  fraction,  besides  the  frequencies  charac¬ 
teristic  of  cis -piperylene  and  the  parent  substance,  a  weak 
2306  cm"^  frequency  was  detected  which  could  be  ascribed 
to  methylethylacetylene  [14].  However,  the  amount  of 
this  fraction  was  so  small  that  even  if  half  of  it  consisted 
of  methylethylacetylene  the  yield  of  this  hydrocarbon 
would  be  less  than  2-3<7o. 

The  59-61“  fraction  was  that  of  unreacted  vinyl¬ 
methylacetylene,  This  was  proved  by  converting  the  mat¬ 
erial  into  the  ketone  CH3  — C=  C  — CO— CH3.  using  the 
method  described  earlier. 

We  estimated  the  amylene  and  piperylene  content 
in  the  hydrogenation  products  by  the  amount  of  dibromides 
and  tetrabromides  produced. 

The  molar  ratio  between  the  amounts  of  dibromides  and  tetrabromide  obtained  from  all  fractions  and 
calculated  for  the  total  fraction  weight  was  l:  1.4  (part  of  each  fraction  investigated  was  brominated).  If  the 
59-61*  fraction  and  half  of  the  46-59*  were  considered  as  being  unreacted  vinylmethylacetylene,  then  the  com  - 
position  of  the  mixture  after  hydrogenation  was  approximately  as  follows:  amylene  33‘7o,  piperylene  47<7o  and  un- 
reacted  vinylmethylacetylene  2QPjo. 

We  also  investigated  vinylmethylacetylene  hydrogenation  with  a  hydrocarbon:  H2  ratio  of  1 ' 1.5.  In  this 
case  the  composition  of  the  mixture  obtained  was  approximately:  amylene  31.6%,  piperylene  56%  and  vinyl¬ 
methylacetylene  12.4%. 

A  catalyst  with  p-thiocyanochlorobenzene  added  was  also  used  to  increase  the  selectivity  of  the  hydrogen¬ 
ation  process. 

One  of  us  has  shown  in  his  work  [15]  that  the  selectivity  of  the  process  noticeably  increased  when  certain 
acetylene  and  ethylene  alcdiols  were  hydrogenated  over  palladium  in  the  presence  of  this  material:  the  hydro¬ 
genation  rate  of  the  triple  bond  fell  considerably  less  than  that  of  the  double.  A  decrease  in  hydrogenation  rate, 
espjecially  at  the  start  of  the  process  (Curve  la,  figure)  was  observed  in  experiments  with  vinylmethylacetylene 
in  the  presence  of  p-thiocyanochlorobenzene,  and  the  reaction  products  contained  a  somewhat  larger  amount  of 
piperylene  in  comparison  to  the  previous  experiment.  The  ratio  amylene  s  piperylene  became  approximately  equal 
to  1 : 2. 
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Curves  for  Rate  of  Hydrogenation.  1)  Vinyl¬ 
methylacetylene;  la)  the  same  with  p- 
thiocyanochlorobenzene;  2)  vinylethylacet- 
ylene;  2a)  the  same  with  p-thiocyanochloro 
benzene. 


The  course  of  the  vinylethylacetylene  hydrogenation  uptake  curve  did  not  differ  from  the  one  for  vinyl¬ 
methylacetylene  (Curve  2,  figure).  Three  hydrocarbons  could  be  expected  from  the  addition  of  Imoleof  hydrogen 
to  vinylethylacetylene,  among  which  hexadiene-1,  3  (as  a  cis-and  trans-mixture)  and  diethylacetylene  were  known. 

Di-and  tetrabromides  in  the  molar  ratio  of  1.2:  l  were  formed  on  brominating  the  vinylethylacetylene 
hydrogenation  products  (b.  p.  57-75*).  A  mixture  of  hexenes  was  regenerated  from  the  dibromides.  Formaldehyde 
and  butyric  acid  were  found  in  the  decomposition  products  of  the  ozonides,  obtained  from  this  mixture.  This  data 
indicated  the  presence  of  hexene-1  and  hexene-2  in  the  mixture.  Frequencies  corresponding  to  all  three  hexenes 
were  detected  in  the  combination  scattering  spectrum  of  the  material  (Table  9). 
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About  207o  of  crystalline  hexadiene-1,  3  tetrabromide  with  m.  p.  91.5*  was  separated  from  the  tetra- 
bromides  by  freezing,  A  hydrocarbon,  with  constants  similar  to  hexadiene-1,  3,  was  obtained  from  the  liquid 
tetra bromides.  The  combination  scattering  spectrum  of  the  material  showed  that  it  consisted  of  hexadiene-1,  3 
with  a  trace  of  the  original  vinylethylacetylenc  (Table  9). 

The  composition  of  the  mixture  obtained  by  vinylethylacetylene  hydrogenation  is  approximately  as 
follows:  hexene  hexadiene-1, 3  35%  and  vinylethylacetylene  25%.  The  composition  of  the  hydrogenation 
products  remained  practically  unchanged  when  vinylethylacetylene  was  hydrogenated  in  the  presence  of  an  in¬ 
hibitor  (p-thiocyanochlorobenzene). 

Thus,  it  was  established  by  this  investigation  that  vinylalkylacetylenes,  similarly  to  vinylacetylene,  add 
hydrogen  to  the  triple  bond  and  then  the  reaction  is  complicated,  especially  in  the  case  of  vinylethylacetylene, 
by  subsequent  hydrogenation  of  the  diolefins  formed  to  olefins.  The  order  of  hydrogen  addition  to  vinylalkylacetyl¬ 
enes  turned  out  to  be  the  same  as  the  order  of  hydrogen  halide  addition,  at  least,  in  the  position  of  initial  attack 
(addition  position  of  the  positively  polarized  hydrogen  in  the  case  of  the  hydrogen  halides). 

EXPERIMENTAL 

hydrogenation  of  Vinylmethylacetylene 

For  the  investigation  we  used  vinylmethylacetylene  with  b.  p.  55-59.5*,  dj*  0.7396,  n^  1.4480,  which 
corresponds  to  the  literature  data  [16]. 

a)  The  results  of  one  of  the  five  experiments,  demonstrating  the  character  of  the  hydrogenation  process, 
are  given  in  summary  form  in  Table  1  and  as  Curve  1  in  the  graph.  From  these  data  can  be  seen  that  about 
640  ml  of  Hj,  an  amount  corresponding  to  approximately  2  hydrogen  molecules  per  hydrocarbon  molecule,  were 
quite  rapidly  absorbed  at  the  beginning  of  hydrogenation  and  that  then  the  rate  of  the  process  sharply  decreased. 

TABLE  1 

0.865  g  Vinylmethylacetylene,  30  ml  CH3OH,  1  ml  Colloidal  Pd  (1  mg  Pd), 

22*,  770  mm.  Theoretical  Amount  of  H2  Calculated  for  3  H2  Molecules 
Per  Hydrocarbon  Molecule  ~  939.4  ml. 


Time  (in  minutes) 

12 

24 

36 

48 

60 

72 

123 

H2  (%)  . 

125 

13.3 

266 

28.3 

411 

43.7 

545 

58.1 

653 

69.5 

686 

73 

773 

82.3 

b)  Three  hydrogenation  experiments  using  larger  portions  of  hydrocarbons,  with  a  ratio  of  1  hydrogen 
molecule  per  1  hydrocarbon  molecule,  were  also  carried  out.  We  used  250  ml  of  methanol  and  30  ml  of  catalyst 
for  each  experiment.  The  experimental  conditions  and  the  yield  in  hydrogenation  products  are  given  in  Table  2. 


TABLE  2 


Experiment 

number 

Portion 

(in  g) 

Pressure 
(in  mm) 

Tempera¬ 

ture 

Volume  of 
absorbed 

H2(in  liters 

Duration  of 
experiment 
(in  min) 

Yield 
(in  %) 

1 

22.65 

771.6 

20° 

8.12 

90 

94.2 

2 

25.74 

765.7 

23 

9.55 

100 

89.1 

3 

20.72 

756.5 

21 

7.54 

80 

92.7 
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After  the  end  of  hydrogenation  the  reaction  mixtures  was  diluted  with  water  and  the  hydrocarbons  distilled 
in  a  fractionating  column  until  the  distillate  lost  the  turbidity  caused  by  water.  The  distillate  was  saturated  with 
CaCl2.  The  hydrocarbon  layer  was  separated,  washed  with  a  saturated  CaCl^  solution  and  dried  over  fused  CaCl^. 
All  the  hydrocarbon  operations  were  carried  out  in  a  well  cooled  system. 

The  products  of  the  three  experiments  were  combined  and  distilled  in  a  Widmer  fractionating  column 
(.SO  cm).  The  results  of  the  distillation  of  64.1  g  of  hydrogenation  products  are  given  in  Table  3,  constants  of 
possible  hydrocarbon  hydrogenation  products  are  in  Table  4, 

To  detect  methylethylacetylene,  die  combination  scattering  spectrum  of  the  55-57*  fraction  was  taken. 
The  data  are  given  in  Table  5. 

Fift)'-eight  grams  of  bromine  was  added  to  a  solution  of  15  g  of  the  1st,  2nd  and  3rd  fractions  (34-40*), 
taken  in  amounts  proportional  to  their  weight,  in  100  ml  of  chloroform  witii  i  and  salt  cooling  of  the  mixture. 
After  the  mixture  stood  overnight,  the  bromine  excess  was  removed  by  a. sulfite  solution  and  the  chloroform 
distilled,  7  g  of  crystalline  piperylene  tetrabromide  was  separated  by  freezing.  The  residue  of  49  g  was  distilled 
in  vacuum  at  7  mm.  The  following  fractions  were  obtained:  1st  (59-60*),  26  g;  2nd  (135-140*)  18  g;  residue  2  g. 

By  brominating  12.5  g  of  the  4th,  5th  and  6th  fractions  (40-46*)  under  the  same  conditions  with  chloro¬ 
form  solution  of  60  g  bromine,  15.6  g  of  crystalline  piperylene  tetrabromide  was  separated  directly  from  the 
reaction  mixture  (after  chloroform  distillation).  By  distilling  tlie  residue  (60  g)  in  vacuum  at  7  mm  the  following 
fractions  were  obtained:  1st  (to  60*),  8.6  g;  2nd  (130-140")  35.9  g;  residue  1.1  g.  An  additional  4  g  of  solid 
tetrabromide  was  separated  from  the  2  nd  fraction  by  freezing. 


TABLE  3 


Fraction 

number 

Boiling 
.  range 

Weight 

(in  g) 

‘'4 

20 

"D 

1 

34—36° 

17.2 

0.6507 

1.3921 

2 

36—38 

3.5 

0.6596 

1.3980 

3 

38-40 

6.4 

0.6659 

1.4060 

4 

40—42 

5.7 

0.6735 

1.4173 

5 

42—44 

5.2 

0.6827 

1.4260 

6 

44—46 

3.4 

0.6898 

1.4330 

7 

46—49 

3.3 

0.6971 

1.4400 

8 

49-52 

2.2 

0.7055 

1.4400 

9 

52-55 

1.6 

0.7135 

1.4412 

10 

55—57 

3.5 

0.7258 

1.4438 

11 

57—59 

2.8 

0.7310 

1.4456 

12 

59—61 

5.2 

0.7398 

1.4480 

13 

Residue 

2.1 

TABLE  4 


Hydrocarbon 

Boiling 

point 

.20 

20 

"D 

Characteristic  fre¬ 
quency  in  the  com¬ 
bination  scattering 
spectrum  (cm  “^) 

CH3^CH=CH-CH-^CH2(c1s  ) 
CH3— CH:-CH-CH=CH2 

44.1° 

0.6910 

1.4363  P’l 

1646  [13] 

(trans ) . 

42.0 

0.6760 

1.4301 

1655 

CH3-C-C-C2H.; . 

56 

0.687 

1.4004  [17] 

2238,2304  [1*] 

CH3-CH=C=CH-CH3  .  .  . 

48.3 

0.6950 

1.4284  [17] 

1070,1 140 [i«] 

21. <>  g  of  tetrabromldes  was  obtained  by  brominating  tJic*  46-55"  fractions  (6.1  g)  under  the  usual  conditions 
(30  g  bromine).  There  were  no  dibronii'Jes.  5.5  g  of  solid  piperylene  tetrabromide  was  separated  from  the  tetra- 
bromides.  In  all, 34.  6  g  dibromides,  65.9  g  liquid  tetrabromides  and  32.1  g  solid  piperylene  tetrabromide  (2li<7o) 
were  obtained  from  the  bromination  of  33.6  g  of  hydrocarbons. 

The  dibromides  obtained  from  different  fractions  were  combined  and  redistilled  at  20  mm, 

B.  p.  73.5-74*  (20  mm)  (80%  of  all  the  amount),  dj®  1.6766,  np  1.5085.  Found  %:  Br  69.56, 

C5HioBr2.  Calculated  %:  Br  69.49. 

The  following  constants  are  given  in  the  literature  for  the  two  dibromides  possible  in  this  case  [18]; 

1,  2-dibromopentane,  b.  p.  68"  (12  mm),  d^”  1.668,  np  1,5088;  2,  3-dibromopentane,  b.  p.  69-70*  (17  mm), 
do^**  1.6863  ,  ng  1.5098. 

5.4  g  (84%)  of  hydrocarbons  was  regenerated  from  the  dibromides  (21  g)  by  zinc  in  an  aqueous -alcohol 
solution. 

B.  p.  34.8-35.8",  df  0.6500,  ng  1.3798. 

The  following  constants  are  given  in  the  literature  for  isomeric  pentenes  [17];  pentene-1,  b.  p.  30.0", 
df  0.6405,  ng  1.3715;  pentene-2,  b.  p.  36.3-36.8",  df  0.6505,  ng  1.3797, 


TABLE  5  • 


55-57* 

Fraction 

Piperylene,  from 
liquid  tetrabromide 

1  Literature  Data 

Piperylene,  from 
liquid  tetrabromide 

ri3] 

Methylethyl- 

acetylene 

[14] 

Dimethyl - 
allene  [14] 

Dimethyl - 
acetylene 

- 

896 (5b) 

897(4) 

- 

- 

913 (5d) 

- 

- 

- 

— 

918(3d) 

959 (Id) 

958 (lb) 

955(1) 

954(3) 

— 

1026(5) 

1033(3) 

1032(1) 

- 

1026(1) 

1032 (3d) 

1060(1) 

- 

- 

1063(4) 

1070(5) 

— 

- 

- 

- 

- 

1140(6) 

- 

1162(10) 

1167(2) 

1174(3) 

- 

— 

1166(6) 

- 

1182(10) 

1183(7) 

— 

— 

1246(10) 

1248(5) 

1250(8) 

- 

— 

1289(12) 

1291(10) 

1292(10) 

- 

— 

1291(10) 

1376(8) 

1378(7) 

1376(6) 

1380(5) 

1352(1/2) 

1377(6) 

1411(10) 

1413(7) 

1413(5) 

- 

— 

1409(8) 

- 

- 

1432(3) 

- 

— 

144 4 (2b) 

1450(7) 

1451(6) 

1447 (4v) 

1464(3) 

— 

1589(5) 

- 

1596(4) 

- 

— 

1589(2) 

1606(12) 

- 

1603(4) 

- 

■  — 

1606(12) 

1645(8) 

- 

1646(10) 

— 

— 

- 

1655(10) 

1655(10) 

— 

—  . 

2094(2) 

- 

- 

- 

— 

2094(1) 

2236(15) 

2236(4) 

- 

2238(5) 

— 

2235(20) 

2306(1) 

- 

- 

2304(3) 

— 

2336(8) 

- 

- 

- 

— 

2336(4) 

- 

- 

- 

- 

2719(1) 

2861 

- 

2860(3) 

2861(3) 

2861(1) 

— 

- 

2887(2) 

- 

_ 

- 

2887(2) 

2922(12) 

2922(8) 

2921(6) 

2922(5) 

2913 (8b) 

2917(12) 

•Only  the  middle  range  of  the  spectrum  was  used  in  all  cases.  The  authors  thank  V.  A.  Kolesova  for  the  spectral 
investigations. 
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3.8  g  of  hydrocarbon  was  ozonized.  The  ozonide  was  decomposed  in  a  20<yo  potassium  iodide  solution  and 
acidified  with  acetic  acid.  The  iodine  separated  was  titrated  off  with  hyposulfite.  The  mixture  was  then  heated 
with  a  2%  6  -naphthol  solution.  The  precipitate  was  filtered  off,  washed  with  hot  water,  dried  at  40*  and  weighed. 
0.0873  g  of  dinaphthomethane  was  obtained  with  b.  p.  189-191*  [19].  The  remaining  ozonlzation  products  (aldehydes) 
were  oxidized  with  permanganate  until  decolorization  ceased.  .  Two  grams  of  acids  with  a  boiling  range  of 
120-140*  were  extracted  with  ether  from  the  solution  obtained.  Propionic  acid  in  the  form  of  a  basic  lead  salt 
(20 1  was  isol.ited  from  this  mixture.  Its  silver  salt  was  analyzed. 

Found  Ag  59.68.  C^HpO^Ag.  Calculated  Ag  59.62. 

riie  cotnblned  liquid  tetrabromides  (61  g)  were  redistilled  at  10  mm.  The  following  fractions  were  obtained: 

1st  (up  to  140*)  2  g;  2i\d  (140-145*)  42.7  g;  3rd  (145-155®)  7.8  g;  residue  4  g. 

For  the  fraction  140-145*  (10mm).  df  2.3596,  ng  1.5990. 

Found  Br  81.77.  C5Hs,Br4.  Calculated  7o:  Br  82.43. 

The  following  constants  are  given  in  the  literature  for  liquid  piperylene  tetrabromide  [21]:  b.  p.  121-132® 

(3  mm),  df  2,3195,  ng  1.5915. 

The  solid  tetrabromide  was  recrystallized  from  methyl  alcohol  and  identified  by  mixed  melting  point  with 
known  piperylene  tetrabromide  with  a  m.  p.  114®. 

A  hydrocarbon  was  regenerated  from  the  liquid  tetrabromides  (50.5  g)  by  zinc.  Yield  7.5  g  (857o): 

B.  p.  41-44.5*.  df  0,6867-0.6881,  ng  1.4322-1.4338. 

The  combination  scattering  spectrum  df  this  material  is  given  in  Table  5.  The  literature  data  for  cis-  and 
trans-piperylenes  is  given  in  Table  4. 

The  quantities  of  di-  and  tetrabromides  obtained  were  converted  to  the  total  weight  of  the  corresponding 
fractions.  57.2  g  of  dibromides  and  132.5  g  of  tetrabromides  should  have  been  produced,  which  gives  a  molar 
ratio  of  amylenes  to  piperylene  of  1 : 1.4. 

8.0  g  of  benzosulfodibromoamide  was  added  to  3.3  g  of  the  59,0-61*  fraction  in  25  ml  methanol.  5.3  g 
of  bromoether  with  b.  p,  64-66*  (10  mm),  ng  1.4883,  was  separated  from  the  reaction  mixture  by  the  usual  method. 
By  heating  the  bromoether  with  alcoholic  alkali  the  enol  ether  CH3  — C=  C  — C(OCH3)  =CH2  witli  b.  p.  38-40® 

(20  mm),  ng  1.4480  was  obtained.  The  constants  of  the  bromoether  and  of  the  latter  material  differ  little  from 
those  found  earlier  for  them  [1]. 

The  enol  ether  was  dissolved  in  57o  H2SO4  and  a  ketone  was  distilled,  together  with  water,  from  the  solution: 
the  ketone  formed  a  2,  4-dinitrophenylhydrazone,  with  m.  p.  148®,  characteristic  of  pentyn-3-one-2  by  the  action 
of  2,  4-dinitrophenylhydrazine  in  acetic  acid  (from  alcohol)  [1]. 

c)  0.8445  g  of  hydrocarbon,  30  ml  methanol,  1  mg  of  catalyst  and  0.4  mg  of  p-thiocyanochlorobenzene. 
were  used  for  studying  the  character  of  vinylmethylacetylene  hydrogenation  in  the  presence  of  an  inhibitor. 

Allowing  3  hydrogen  molecules  for  one  hydrocarbon  molecule,  917.1  ml  H2  would  be  used  under  the  experimental 
conditions  (22®,  770  mm).  The  experimental  data  are  given  as  Curve  la  in  the  graph, 

d)  30.9  g  of  hydrocarbon,  200  ml  methanol,  30  mg  and  10  mg  of  p-thiocyanochlorobenzene  were  used  for 
investigating  the  hydrogenation  products  in  the  presence  of  an  inhibitor.  Allowing  1  hydrogen  molecule  for  1 
hydrocarbon  molecule,  11.3  g  of  H2  would  be  used  under  the  experimental  conditions  (20®,  759  mm).  The  hydro¬ 
genation  lasted  for  2  hours  15  minutes.  Reaction  product  yield  28  g  (917o).  Fractions  similar  to  those  given  in 
Table  3  were  obtained  by  distilling  24  g  of  the  material. 

Fractions  within  the  boiling  range  of  36-54*  were  brominated  in  chloroform,  12.2  g  of  dibromides  and  44  g 
of  tetrabromides  were  obtained  of  which  17 g (38. 6% )was crystalline  piperylene  tetrabromide.  These  data  show 
that  the  reaction  mixture  contained  amylenes  and  piperylene  in  a  ratio  of  1:2. 

e)  A  portion  of  hydrocarbons(l9.27  g)  was  hydrogenated  in  200  ml  of  CH3OH  in  the  presence  of  30  mg  colloidal 
Pd  and  8  mg  of  p-thiocyanochlorobenzene  till  absorption  of  11.08  liters  of  H2,  which  corresponded  to  1.5  hydrogen 
molecules  for  each  hydrocarbon  molecule.  17.1  g  of  hydrogenation  products  were  obtained.  13  g  of  the  material 


was  distilled  at  36-44".  11,6  jr  of  dibrnmides  and  29  g  of  tetrabroinides  (11.5  g  of  crystalline  tetrabromide)  were 
obtained  by  brominating  12.8  g  of  hydrocarbons  in  chloroform.  These  figvres  (considering  that  the  residue  consisted 
of  equal  amounts  of  piperylene  and  vinylmethylaoetylene)  give  a  ratio  for  amylenes  and  plperylene  of  1:1.8. 

Hydrogenation  of  Vinylethylaoetylene 

The  vinylethylacetylenc  had  the  constants:  b.  p.  83.5-84",  d^**  0.7479,  np  1.4522,  which  corresponds  with 
tlie  literature  data  [16]. 

a)  The  results  of  one  of  the  experiments,  demonstrating  the  character  of  the  hydrogenation  process,  are 
given  in  summary  form  in  Table  6  and  as  Curve  2  in  the  graph.  Here  also  the  hydrogenation  rate  decreased  after 
the  absorption  of  approximately  2  hydrogen  molecules  for  each  hydrocarbon  molecule. 

TABLE  6 

1.2023  g  Vlnylethylacetylene,  30  ml  CH3OH,  1  ml  Colloidal  Pd  (1  mg  Pd), 

22",  770  mm.  Theoretical  Amount  of  H2 Calculated  for  3  Hydrogen 
Molecules  per  Hydrocarbon  Molecule  —  1077.0  ml 


Time  (In  min) 

12 

24 

36 

43 

60 

72 

H2  (ino/o) . 

238 

22.1 

496 

46.1 

751 

69.7 

800 

74.3 

819 

76.1 

828 

76.9 

b)  84.7  g  of  hydrocarbons  (in  three  portions)  was  used  in  the  reactions  for  the  investigation  of  the  hydrogen¬ 
ation  products.  24.48  liters  of  H2  was  absorbed  (approximately  1  molecule  per  hydrocarbon  molecule).  As  a 
result  of  the  hydrogenation  82.7  g  (95%)  of  hydrogenation  products  were  obtained.  The  results  of  the  distillation 
of  this  mixture  are  given  in  Table  7,  the  constants  of  possible  hydrogenation  products  are  given  in  Table  8. 

TABLE  7 


Fraction 

Boiling 

point 

Weight 
(in  g) 

‘‘4 

"D 

1 

0 

s 

1 

2.5 

0.8577 

1.4041 

2 

64—70 

29.7 

0.6919 

1.4068 

3 

70—75 

10.8 

0.6951 

1.4272 

4 

75—78 

4.2 

0.7225 

1.4400 

5 

78—82 

9.1 

0.7387 

1.4458 

Residue 

14.4 

TABLE  8 


Material 

Boiling 

point 

4” 

"/> 

C2H5-CH=CH-CH=CH2 
C2Hb-C=C-C2H6  .... 

72-74° 

80—80.5 

0.7140 

0.7230 

1.44161211 
1.4220  H 
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The  first  tfiree  fractions  were  bromlnated  with  excess  bromine  In  chloroform.  58  g  of  dlbromides(b.p.  80-90‘at 
16  mm)  and  79  g  of  tetrabromidesfb.p. higher  than  130*  at  10  mm)  were  obtained  on  distillation. 

Repeated  distillation  of  the  dlbromides  at  16  mm  gave  the  fractions}  lst(to  83*)3.7  g  (d*®  1.5860,  n^  1.5028); 
2nd (83 -85’) 36.3  g(df  1.5920, ng  1.5032);  3rd (85 -87*)  14.3  g(df  1.5930,  ng  1.5032);  residue  1.7  g. 

For  the  83-85*  fractions  (16  mm)  found  Br  66.02,  66.04.  C0H|2Br2.  Calculated  Br  65.51 

Hydrocarbon  was  regenerated  from  the  first  three  fractions  of  dibromlde.  B.  p.  65-65.5*  (10,9  g),  dj*  0.6790, 
ng  1.3918.  The  lower  and  higher  fractions  were  only  1  g. 

The  following  constants  are  given  in  the  literature  for  various  hexenes  [17]:  hexene-1,  b.p.63.5*,  df  0.6732, 
ng  l,3879;hexene-2(cis),  b.p.  68.2*  (749  mm),  dj®  0.6845,  ng  1.3954; hexene -2(trans),  b.p.  67.5*(750  mm), 
df  0.6780,  ng  1.3935;  hexcne-3  (cis),  b.  p.  66.8*,  df  0.6796,  ng  1.3934;  hexene-3  (trans),  b.  p.  67.5*  (745  mm), 
df  0.6779.  ng  1.3938. 

The  hexene  mixture  obtained  by  us  was  ozonized  (6.5g).Formaldehyde  was  detected  in  a  separate  sample 
of  ozonide  by  the  methfxl  described  earlier  (0.1703  g  of  dinaphthomethane  was  obtained  from  0.4956  g  of  ozonide). 
The  rest  of  the  ozonide  was  converted  into  acids.  The  acids  boiled  in  the  temperature  range  of  130-160*.  Butyric 
acid  was  found  qualitatively  in  the  acid  mixture  by  testing  with  hydrogen  peroxide  and  Mohr’s  salt  [22]. 


TABLE  9 


Hydrocarbon 

Characteristic  frequencies  of  multiple 
bonds  in  combination  scattering  spectra 
(cm"^) 

double  bond 

triple  bond 

Hexene  from  Dibromides  f 

1640(2) 

- 

i 

1652(8) 

1 

1670(2) 

Hexene-1  [23] 

1649 

- 

Hexene -2  (cis)  [23] 

1666 

- 

Hexene -2  (trans)  [23] 

1681 

- 

Hexene -3  (cis)  [23] 

1656 

— 

f 

1642(4) 

2100(1) 

Hexadiene  from  liquid  tetrabromide  J 

1657(15) 

2192(3) 

1 

- 

2227(10) 

1 

— 

2330(dl) 

Hexadiene-1,3  (cis-trans)  [23] 

1660 

- 

f 

1606(15) 

2092(dl) 

Vinylethylacetylene  (hexen-l-yne-3)  / 

- 

2196(4) 

1 

- 

2230(20) 

L 

- 

2330(4) 

f 

- 

2229(10) 

Diethylacetylene  [24]  (hexene-3)  / 

- 

2248(8) 

1 

— 

2300(7) 

The  combination  scattering  spectrum  of  hydrocarbon  was  taken.  It  can  be  seen  from  Table  9  that  all  tliree 
possible  hexenes  are  found  in  the  mixture. 

Repeated  distillation  of  tetrabromides  at  5  mm  gave  the  following  fractions;  1st  (up  to  135*)  4.3  g; 

2nd  (135-145*)  12.8  g;  3rd  (145-149*)  37.0  g;  4th  (149-160*)  5.5  g;  residue  5.0  g. 

7.2  g  and  4.5  g  of  crystalline  tetra bromide  was  separated  by  cooling  from  the  3rd  and  4th  fractions  res¬ 
pectively. 
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For  the  liquid  tetrabromide  after  separation  of  crystals: 

B.  p.  143-144* (5  mm),  df  2,2338,  ng  1.5912. 

Found  <7o:  Br  78.54,  78.23.  CgHjoBr4.  Calculated  ojoi  Br  79.56 

Crystalline  tetrabromide  melts  at  91-91.5*  (from  methanol). 

Found  ojoi  Br  82.01.  CjHioBr4.  Calculated  <7o:  Br  79.56. 

The  same  melting  point  was  given  in  the  literature  for  crystalline  tetrabromide  hexene -1,  3  [21]. 

8.5  g  (96.6%)  of  hydrocarbon  with  b.  p.  74-76“,  dj®  0.7172,  ng  1.4429  was  regenerated  from  liquid  tetra¬ 
bromide  (43  grams).  ,  The  combination  scattering  spectrum  of  the  material  is  given  in  Table  9,  from  which  ' 
it  can  be  seen  that  the  material  is  hexadiene-3  with  a  trace  of  vinylethylacetylene. 

The  ratio  of  the  di-  and  tetrabromide  quantities  obtained  gives  the  ratio  1.2: 1  for  the  hexenes  and  hexad- 
ienes  in  the  hydrogenation  products. 

c)  9.05  liters  Hj  (calculated  for  1  hydrogen  molecule  per  1  hydrocarbon  molecule)  was  absorbed  in  the 
hydrogenation  of  30.6  g  of  vinylethylacetylene  in  the  presence  of  30  mg  colloidal  Pd  and  4  g  of  inhibitor 
(p-thiocyanochlorobenzene)  at  19“  and  769.5  mm.  The  same  fractions  as  in  the  preceding  experiment  were 
obtained  by  distilling  19.8  g  (94%)  of  the  materials  on  a  fractionating  column. 

15.5  g  of  dibromides  and  20.5  g  of  tetrabromides  were  formed  by  brominating  11.1  g  of  the  fractions 
boiling  in  the  temperature  range  of  66-75“.  From  the  latter  6.1  g  of  crystalline  tetrabromide  with  m.  p.  91-91.5“ 
was  separated  by  freezing.  Thus,  in  this  case  the  ratio  of  hexenes  to  hexadiene  was  1.2: 1  in  the  hydrogenation 
products. 

d)  A  portion  of  1.0343  g  of  hydrocarbon  was  taken  for  determining  the  hydrogenation  rate  of  vinylethyl¬ 
acetylene  in  the  presence  of  an  inhibitor.  The  experimental  conditions  were  the  same  as  for  vinylmethylacetylene. 
The  experimental  results  ate  given  in  Curve  2a  in  the  graph. 

SUMMARY 

1.  It  was  shown  that  in  vinylmethyl-  and  vinylethylacetylene  hydrogenation  in  the  {wesence  of  colloidal 
palladium,  hydrogen  adds  to  the  triple  bond,  while  at  the  same  time  further  hydrogenation  of  the  dienes-1,  3 
formed  to  olefins  occurs.  This  last  process  is  especially  marked  in  the  case  of  vinylethylacetylene. 

2.  It  was  established  that  in  the  case  of  vinylethylacetylene  the  addition  of  an  inhibitor  increases  the  selec¬ 
tivity  of  the  hydrogenation  process. 
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CATALYTIC  ALKYLATION  OF  CHLOROBENZENE  BY  PROPYL  ALCOHOLS 
M,  B.  Turova -Polyak,  N.  V.  Danilova  and  N.  V.  Kuklina 

The  alkylation  of  chlorobenzene  is  at  present  carried  out  mainly  in  the  liquid  phase  by  alcohols,  halide 
derivatives  or  olefins  in  the  presence  of  phosphoric  acid  [1],  sulfuric  acid  [2]  or  hydrofluoric  acid  [3].  Aluminum 
chloride  appears  to  be  the  best  catalyst  for  liquid  phase  alkylation  of  chlorobenzene  [4-7],  In  their  paper  [8] 

Yu.  G.  Mam^dalieva  and  Sh.  V.  Valieva  show  the  possiblity  of  catalytic  alkylation  of  chlorobenzene  in  the  vapor 
phase  but  at  tndreased  pressure;  the  propylene -propane  fraction  of  pyrolysis  gases  served  as  the  alkylating  agent. 

We  alkylated  benzene  by  alcohols  in  the  gas  phase  with  an  aluminosilicate  catalyst  and  at  atmospheric 
pressure  [9,  10],  The  best  alkylbenzene  yields  were  obtained  by  using  propyl  alcdiols.  In  the  present  work  the 
alkylation  of  chlorobenzene  by  propyl  alcohols  was  carried  out  in  a  circulating  system  over  an  aluminosilicate 
cracking  catalyst  and  at  atmospheric  pressure.  An  increase  in  the  chlorobenzene  concentration  in  the  reaction 
mixture  from  2  to  22  molecules  per  alcohol  molecule  helped  to  raise  the  isopropylchlorobenzene  yield,  mainly 
p-isomer,  from  19.5  to  97<7o  on  alcohol  in  the  reaction. 

Chlorobenzene  alkylation  by  either  isopropyl  or  n-propyl  alcohol  produced  isopropylchlorobenzene. 
However,  the  use  of  normal  alcohol  for  alkylation  lowered  the  yield  of  monoisopropylchlorobenzene  to  SS^o. 

The  formation  of  a  reaction  product  with  the  same  structure  was  explained,  in  our  opinion,  by  the  formation  of 
propylene  during  the  process  and  the  addition  cf  the  aromatic  compound  to  it. 

The  composition  and  yield  of  the  alkylation  products  depended  on  whether  pure  chlorobenzene  or  the 
excess,  distilled  off  from  previous  alkylation  experiments,  was  used  for  the  alkylation.  In  the  former  case, 
besides  the  monoisopropylchlorobenzene,  a  small  amount  of  polyalkylchlorobenzene  was  formed;  in  the  latter 
the  yield  of  poly  isopropylchlorobenzene  fell  and  that  of  monoisopropylchlorobenzene  rose:  in  alkylation  with 
isopropyl  alcohol,  in  optimal  conditions,  from  64  to  97«yo;  in  alkylation  with  n-propyl  alcohol  from  55.1  to 
68.3^70. 

This  phenomenon  may  be  explained  by  the  presence  cf  insignificant  amounts  of  unsaturated  compounds 
in  the  chlorobenzene  distilled  off  from  previous  experiments, and  these  acted  in  this  case  as  specific  catalysts. 

If  the  low -boiling  fraction  (83-135*,  Table  3)  was  distilled  off  from  the  used  chlorobenzene  and  the  latter  was 
then  subjected  to  alkylation,  the  same  results  were  obtained  s  those  for  pure  chlorobenzene. 

Comparison  of  results  of  previous  and  the  present  work  shows  that  in  benzene  alkylation  by  isopropyl  alcohol 
(component  ratio  4: 1,  temperature  325*,  volume  rate  0.2)  the  yield  of  isopropylbenzene  was  45<7o:  in  chloro¬ 
benzene  alkylation  by  isopropyl  alcohol,  under  similar  conditions,  the  yield  of  isopropylchlorobenzene  was  only 
25. 4^70,  This  data  indicates  that  the  presence  of  chlorine  in  the  benzene  ring  passivates  the  alkylation  reaction,, 
and  is  in  full  agreement  with  the  available  data  on  the  effect  of  halides  on  substitution  reaction. 

EXPERIMENTAL 

The  experiments  were  carried  out  on  apparatus  described  earlier  [9],  An  industrial  aluminosilicate  crack¬ 
ing  catalyst  was  used;  after  the  experiment  it  was  regenerated  by  dry  air  for  2,5-3  hours  at  500*,  after  which  its 
activity  was  restored.  Each  experiment  was  carried  out  with  an  equal  quantity  of  reaction  mixture.  After  the 
end  of  the  experiment  the  catalyzate  residue  was  removed  by  a  slow  current  of  nitrogen  for  15  minutes,  and  then 
the  reaction  product  was  dried  and  fractionated. 

There  were  no  changes  in  the  chlorobenzene  when  passed  over  the  catalyst  with  a  volume  rate  of  0,2  at 
250*.  Isopropyl  alcohol  under  these  same  conditions  was  dehydrated  to  96-97£7o;  the  gas  thus  evolved  was 
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99.0-99.5%  propylene.  Besides  water  in  the  liquid  catalyzate  tliere  was  a  layer  of  unsaturated  hydrocarbons 
corresponding  to  3-4%  of  the  alcohol  in  the  reaction  which  was,  apparently,  a  condensation  product  of  propylene 
and  had  b.  p.  69-200*  and  ng  1.4000-1.4920. 

The  effect  of  temperature  reaction  mixture  composition  and  chlorobenzene  quality  on  the  monoisopropyl - 
chlorobenzene  yield.  Isopropyl  alcohol,  pure  chlorobenzene  (I)  as  well  as  chlorobenzene  (II),  distilled  from 
previous  experiments  (fraction  83-137*,  Table  3)  and  containing  a  minute  quantity  of  unsaturated  material  with 
b.  p.  up  to  135*,  were  used  in  these  experiments. 

It  can  be  seen  from  the  data  in  Table  1  that  250*  is  the  optimum  temperature  for  ratios  of  chlorobenzene ; 
isopropyl  alcohol  from  2:1  to  6 : 1.  The  reactions  with  different  ratios  of  components  were  carried  out  only  at  a 
temperature  of  250*,  which  was  the  optimum  in  all  cases. 

TABLE  1 


Monoisopropylchlorobenzene  Yield  on  Alkylation  of  Chlorobenzene  by  Isopropyl  Alcohol  (in  wt.  %  at  a  volume 
rate  0.2) 


Temperature 
of  Expt. 

Molar  Ratio  Chlorobenzene :  Isopropyl  Alcdiol 

2:1 

4:1 

8:l 

8:1 

14:1 

20:1 

22:1 

chloro¬ 

benzene 

chloro¬ 

benzene 

chloro¬ 

benzene 

chloro¬ 

benzene 

chloro¬ 

benzene 

chloro¬ 

benzene 

chloro¬ 

benzene 

(I) 

(11) 

(1) 

(11) 

(I) 

(II) 

(I) 

(II) 

(I) 

(«) 

(I) 

(I) 

in) _ 

225* 

11.1 

- 

28.4 

— 

30.25 

— 

- 

- 

— 

— 

- 

250 

16.3 

19.5 

31.0 

37.0 

33.4 

39.2 

40.3 

56.0 

45.0 

76.0 

63.4 

94.3 

64.0 

97.0 

275 

15.6 

- 

28.1 

- 

30.4 

- 

- 

- 

- 

- 

- 

- 

- 

- 

300 

15.1 

- 

27.4 

- 

29.3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

325 

12.7 

— 

25.4 

— 

— 

The  same  effects  were  observed  on  alkylation  of  chlorobenzene  by  n-propyl  alcohol  (Table  2). 

The  effect  of  the  rate  of  introduction  of  the  reaction  mixture.  The  experiments  were  carried  out  with  a 
mixture  of  chlorobenzene:  isopropyl  alcohol. ratio  of  4: 1  at  250*.  The  volume  rate  was  varied  from  0.1  to  1.8. 
The  results,  given  in  the  diagram,  for  this  series  of  experiments  show  that  the  greatest  yield  of  isopropylchloro- 
benzene  was  obtained  at  a  volume  rate  of  0.2. 


Investigation  of  reaction  products.  The  results  of  the  distillation  of  the  catalyzate  obtained  on  chlorobenzene 
alkylation  by  iso-  and  n-propyl  alcohols  at  250*  and  with  a  molar  ratio  of  the  components  of  4: 1  are  given  in 
Table  3.  Analogous  results  were  obtained  by  distilling  alkylation  products  of  experiments  using  mixtures  containing 
14  moles  chlorobenzene  per  1  mole  alcdiol. 


TABLE  2 

Monoisopropylchlorobenzene  Yield  on  Alkylation  of  Chlorobenzene 
by  n-Propyl  Alcohol  (in  wt,  %  at  a  volume  rate  0.2) 


I 


Temper- 

Molar  ratio  chlcsobenzene;  n-propyl  alcohol 

4 

;  1 

22 

:1 

atuie  of 

expert- 

chlorobenzene 

1  chlorobenzene 

ment 

(i) 

(H) 

(1) 

(«) 

225° 

22.6 

250 

25.5 

30.0 

55.1 

68.3 

275 

25.0 

— 

— 

— 

300 

21.2 

— 

— 

— 

325 

20.6 

— 

— 

1 

I 
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The  effect  of  volume  rate  on  isopropyl - 
chlorobenzene  yield. 


The  alkylation  products  distilled  in  the  temperature 
range  190-205*  at  a  higher  content  of  chlorobenzene  in  the 
mixtures  and  consequently  they  did  not  contain  any  polysub- 
stituted  chlorobenzene. 

The  combined  fractions  190-206*  and  206-230*  were 
distilled  in  vacuum  in  a  bubble -cap  fractionating  column  of 
40  theoretical  plates.  The  distillation  results  are  given  in 
Tables  4  and  5. 

The  constants  for  the  main  fractions  isolated  by  us  and 
literature  data  on  o-  and  p-isopropylchlorobenzene  (there  is 
no  data  on  m -isomer)  are  given  in  Table  6. 


We  did  not  investigate  the  higher  fractions  of  polyisopropylchlorobenzenes  (77,5 -107*, Table  4  and  74.7- 
105.0*. Table  5). 


TABLE  3 

Results  of  the  Catalyzate  Distillation 


Boiling  point 
of  fractitxi 
(760  mm) 

Amount  of  fraction  in  the 
catalyzate  on  alkylation 
lln  wt-J2il _ 

"D 

by  isopropyl 
alcohol 

by  n -propyl 
alcdiol 

83—135°  . 

3.50 

2.1 

1.5186 

1.0653 

135— 137*  . 

82.10 

83.5 

1.5245 

1.1005 

137—190.  . 

0.90 

0.7 

1.5230 

1.0862 

190-206  •• 

8.42 

7.5 

1.5140 

1.0193 

206—230  ••• 

2.28 

2.0 

1.5120 

0.9954 

Residue 

1.00 

2.2 

— 

— 

Losses 

1.80 

2.0 

•Excess  chlorobenzene. 

•  ’Main  alkylation  product;  see  Table  6  for  the  constants  of 
isopropylchlorobenzenes. 

•  •  •  Polyisopropylchlorobenzenes  were  contained  in  the  fraction. 


TABLE  4 

Distillation  of  Alkylation  Products  of  Chlorobenzene  with 
Isopropyl  Alcohol 


Fraction 

number 

Boiling 
point 
flO  mm) 

Yield 
(in  vol.‘7o; 

20 

"D 

I 

70.5—  72.5° 

2.7 

1.5192 

1.0376 

II 

72.5—  73.5 

6.2 

1.5170 

1.0338 

in 

73.5—  76.0 

6.5 

1.5157 

1.0284 

IV 

76.0—  77.5 

47.9 

1.5130 

1.0223 

V 

77.5-  80.5 

2.7 

1.5124 

1.0180 

VI 

80.5—107.0 

21.0 

1.5106 

0.9893 

Residue  and 
losses 

13.0 

2157 


TABLE  r> 


Distillation  of  Alkylation  Products  of  Chlorobenzene  with  n-Propyl 
Alcohol 


Fraction 

number 

Boiling  point 
of  the  frac¬ 
tion!  10  niiTi 

Yield 

(lnvol.%) 

20 

"D 

''4 

I 

67.0—  68.5 

18.5 

1.5170 

1.0338 

M 

68.5—  72.5 

2.9 

1.5141 

1.0275 

III 

72  5—  74.7 

39.5 

1.5129 

1.0221 

IV 

74.7—  87.0 

6.2 

1.5111 

1.0103 

V 

87.0—105.0 

20.1 

1.5100 

.0.9626 

Residue  and 
losses 

12.8 

To  determine  the  structure  of  monoisopropylchlorobenzene.some  of  the  fractions  were  oxidized  with  nitric 
acid,  d  1.2  [131.  An  acid  was  obtained  from  the  fractions  72.5-73.5*  (12  mm)  and  67.0-68.5*  (10  mm)  which 
after  repeated  crystallization  and  sublimation  gave  crystals  with  m.  p.  143*  and  230*.  By  oxidizing  the  fractions 
76.0-77.5*  (12  mm)  and  72.5-74.7*  (10  mm)  and  after  recrystallization  from  alcohol  and  sublimation,  an  acid 
with  m.  p.  241-242*  was  obtained. 

According  to  the  literature  data,  p-chlorobenzoic  acid  melts  at  242-243*  [14],  o-chlorobenzoic  acid  — 
141-142*  [15]  and  m-chlorobenzoic  acid  158*  [16]. 

Thus,  on  the  basis  of  distillation  and  oxidation  results,  p-isopropylchlorobenzene  may  be  considered  as  the 
main  alkylation  product  of  chlorobenzene  with  propyl  and  isopropyl  alcohols. 

TABLE  6 

Isopropylchlorobenzene  Properties 


Boiling  point  of  the  fraction 
and  of  individual  compounds 

"£> 

67.0 — 68.5®  (10  mm)  .  .  \ 
72.5—73.5°  (12  mm)  .  .  \ 

1.5170 

1.0338 

189.0—190.5°  (760  mm) .  ) 

o-Isopropylchloroben- 

zene 

191.08°  .  . . 

1.5167 

1.0341 

72.5—74.7°  (10  mm)  .  \ 
76  —77.5°  (12  mm) .  \ 

1.5130 

1.0223 

193-194.5°  (760  mm).  1 
p -Isopropylchlorobenzene 
198.3°  l“] . 

1.5117 

1.0207 

195—197°  [«] . 

1.5140 

1.0022 

79-  81°  (15mn)[i2] 

1.5158 

1.0411 

SUMMARY 

1.  The  alkylation  of  chlorobenzene  by  propyl  alcohols  was  carried  out  in  a  circulating  system,  over  an 
aluminosilicate  catalyst  and  at  atmospheric  pressure. 

2.  250*,  a  molar  ratio  of  chlorobenzene ;  isopropyl  alcohol  equal  to  22;1  and  a  volume  rate  of  0.2  should 
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be  considered  as  the  optimum  conditions  for  obtaining  monoisopropylchlorobenzene  (In  the  main  para -Isomer). 

The  yield  of  monoisopropylchlorobenzene  under  these  conditions  reaches  97%  when  alcohol  Is  added  to  the 
reaction. 
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OXIDATION  AND  O  X  ID  A  T  I V  E  -  H  Y  D  ROL  Y  S  IS  OF  ORGANIC  MOLECULES 


XXVIII.  OXIDATIVE-HYDROLYSIS  OF  NITROSUBSTITUTED  HYDROXYAZO  DYES 
O.  M.  Shemyakina,  B.  M.  Bogoslovsky  and  M.  M.  Shemyakin 


In  one  of  the  previous  reports  [1]  we  showed  that  l-benzeneazo-3,  4-dihydroxynaphthalene  (I;  Ar=C8H5) 
was  readilyhydrolyzed  to  a  large  extent,  as  a  result  of  its  tendency  to  convert  into  the  tautomeric  quinoid  form 
(II:  Ar  =  C6H5).  The  latter  is  a  hydroxynaphthaquinone  phenylhydrazone,  subject  to  attack  by  hydrolyzing  agents 
at  the  double  bond  >C=N  — ,  and  the  phenylhydrazine  and  the  hydroxynaphthaquinone  thus  formed  undergo  a 
series  of  further  changes 


N=N— Ar  N— NH-Ar 

I  II 

//\/^ 

Ml 


'OH 


OH 

(I) 


n 

o 

(ID 


From  this  data  it  seemed  possible  to  achieve  a  higher  stability  of  such  azo  dyes  to  hydrolyzing  reagents,-  by 
lowering  their  tendency  to  convert  into  the  quinoid  form  (II). 

From  our  point  of  view  it  was  necessary  to  introduce  into  the  diazo  component  of  the  dye  a  strong  electron- 
accepting  substutuent  in  the  ortho-  and  para -positions  to  the  azo  group  so  as  to  decrease  the  electron  density  of 
that  nitrogen  atom  of  the  azo  group  with  which  a  hydrogen  atom  must  combine  for  the  formation  of  the  quinoid 
form.  We  synthesized  two  dinitro-substituted  hydroxyazo  dyes  [I;  Ar=  C6H3(N02)2-3,5  and  CgH3(N02)2-2,4]  to 
test  tliis  hypothesis  and  studied  their  behavior  with  hydrolyzing  reagents  under  the  same  conditions  as  in  the  case 
of  l-benzeneazo-3, 4-dihydroxynaphthalene  (I;  Ar=  CgHg).  As  expected,  similarly  to  the  latter,  the  3,  5-dinitro- 
azo  dye  underwent  deep  changes  on  heating  in  a  nitrogen  atmosphere  in  an  aqueous  buffer  solution  with  a  pH  near 
9  (compare  [1]),  while  the  2,  4-dinitroazo  dye  remained  practically  unchanged  and  was  only  converted  into  an 
insoluble  sodium  salt.  Breakdown  occurred  only  under  considerably  more  drastic  conditions  of  prolonged  boiling 
with  l<7o  aqueous  caustic  soda  solution. 

It  should  be  noted  that  in  contrast  to  l-benzeneazo-3,  4-dihydroxynaphthalene,  when  boiled  in  aqueous 
alkaline  solutions  both  dinitroazo  dyes  investigated  by  us  underwent  not  only  hydrolysis  but  oxidative -hydrolysis, 
as  under  these  conditions,  the  nitrogroups  showed  their  oxidizing  properties.  Although  the  3,  5-dinitroazo  dye 
started  to  change  under  comparatively  mild  conditions,  it  underwent  very  deep  oxidative-hydrolysis,  accompanied 
by  condensation  and  resinification  of  the  reaction  products;  therefore,  of  the  individual  materials,  only  phthalic 
acid  could  be  isolated  in  a  pure  form.  The  2,4-dlnitroazo  dye  reacted  in  an  essentially  different  way.  Although 
it  changed  only  under  much  more  drastic  conditions,  its  reaction  was  accompanied  by  less  resinification  and  it 
was  possible,  in  this  case, to  isolate  several  cleavage  products,  of  both  azo-  and  diazo  components  of  the  dye  — 
phthalonic  and  phthalic  acids,  2,  4-dinitrophenol  and  5-nitro-l,  2,  3-benztriazole. 

It  was  very  clear  that  the  initial  step  of  the  original  2,  4-dinitroazo  dye  conversion  in  these  compounds  was 
the  hydrolysis  of  its  tautomeric  quinoid  form  [II;  Ar=  C5H3(N02)2-2,4]  to  2-hydroxy-l,  4-naphthaquinone  and 
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2,  4-diiutrophenylhydrazine,  Under  tlie  conditions  of  tlie  reaction  (boiling  with  V’Jo  NaOH)  the  first  of  tliese 
substances  must  immediately  have  undergone  hydrolytic  cleavage  to  o-acetylphenylglyoxalic  acid,  which  in  its 
turn  was  readily  oxidized  to  phthalonic  and  phthallc  acids  [1,  2];  therefore  quite  naturally  only  these  two  acids 
were  isolated  as  cleavage  products  of  tlie  azo  compounds  of  the  dye.  Although  tliere  is  some  mention  in  the  liter 
ature  [31  of  the  problem  of  further  reaction  of  2.  4-dinitrophenylhydtazine.  formed  from  the  diazo  component  of 
the  dye,  it  was  not  at  all  clear  and  tlierefore  we  Investigated  it  further. 

It  was  established  (see  Experimental  section)  that  when  2.  4-dinitrophenylhydrazine  was  boiled  in  an  inert 
gas  atmosphere  with  X^o  aqueous  NaOH  solution,  it  evolved  a  considerable  amount  of  nitrogen  and  was  converted 
into  the  following  c  mpounds;  3-oxide  of  5-nltro-l,  2,  3-benztriazole  (15%),  1,  3 -dinitrobenzene  (5%),  3,  3’- 
dinitroazoxybenzene  (60%)  and  2,4-dlnltrophenol  (l%)and  neither  ammonia  nor  hydrazine  was  found  among  the 
reaction  products.  The  formation  reaction  of  the  3 -oxide  of  5-nltro-l, 2,3 -benztriazole  was  quite  obvious  from 
the  course  of  the  formation  of  these  compounds;  it  arose  from  Intermolecular  dehydration  of  the  original  2, 4-dinitro¬ 
phenylhydrazine  (Figure  1). 


CflH4(N0,)j-  1.3 


H2NHNCgH3(N02)2-2,4 


3-02NCgH4N  =  NCjH^NOj-  3* 
0~ 


NH 
I 

N  =  N 

HN=NCeH3(N02)2- 2.4  j,- 


H0C5H3(N02)j-  2.4  -< —  H0N  =  NC5Hj(N03)3-  2.4 


The  course  of  bonversion  of  the  latter  into  1,  3 -dinitrobenzene  was  sufficiently  obvious  as  it  is  known  (see 
for  example  [4]),  that  arylhydrazines  are  readily  converted  by  oxidizing  agents  into  aryldiimines,  which  are 
immediately  decomposed  into  nitrogen  and  corresponding  hydrocarbons.  The  3-oxide  of  5-nitro-l,  2,  3-benztri¬ 
azole  may  at  first  have  acted  as  an  oxidizing  agent,  but  without  doubt,  its  oxidizing  function  was  later  taken  over 
by  the  1,  3 -dinitrobenzene  produced.  By  reacting  with  2,  4-dinitrophenylhydrazine  tliis  was  reduced  to  3,  3'- 
dinitroazoxybenzene  and  simultaneously  it  oxidized  the  arylhydrazine  to  2,  4-dinitrophenyldiimine  which  was 
immediately  decomposed  with  the  formation  again  of  1,  3 -dinitrobenzene.  By  this  method  an  interesting  process 
arose  in  which  the  reduced  oxidizing  agent  was  again  regenerated  as  a  result  of  an  oxidation  reaction  produced 
by  it.  Due  to  this,  a  considerable  amount  of  3,  3'-dinitroazoxybenzene  was  always  obtained  in  the  final  results, 
while  only  a  small  quantity  of  1,  3 -dinitrobenzene  remained  at  the  end  of  the  reaction.  * 

2,4-Dinitrophenol,  another  reaction  product,  was  apparently  formed  by  further  partial  oxidation  of  the 
intermediate  2,  4-dinitrophenyldiimine  to  the  corresponding  diazo  compound  which  then  was  decomposed  in  the 
usual  manner  (see  [4,  5]). 

Investigation  of  the  mechanism  of  2,  4-dinitrophenylhydrazine  breakdown  taking  place  under  the  same 
conditions  as  the  oxidative -hydrolytic  cleavage  of  the  2,  4-dinitroazo  dye  [I;  Ar=  C6H3(N02)2-2,  4],  clarified  as 
well  the  nature  of  the  latter  process,  which,  as  mentioned  above,  gave  as  final  products  phthalonic  and  phthalic 
acids,  2,  4-dinitrophenol  and  5-nitro-l,  2,  3-benztriazole.  In  this  case,  after  the  hydrolysis  of  the  azo  dye 
quinoid  form  [II;  Ar=  C5H3(N02)2-2,  4]  to  2-hydroxy-l,  4-naphthaquinone  and  2,  4-dinltrophenylhydrazine 
(scheme  2)two series  of  interconnected,  parallel  reactions  took  place  (see  [6]).  On  the  one  hand  there  is  the  pre¬ 
viously  mentioned  hydrolytic  cleavage  of  hydroxy  naphthaqulnone  produced  to  o-acetylphenylglyoxalic  acid, 

•When  the  process  was  carried  out  not  in  an  inert  gas  atmosphere,  but  with  atmospheric  oxygen  present,  then, 
on  the  contrary,  the  yield  of  1,  3 -dinitrobenzene  rose  sharply  while  the  yield  of  3,  3 '-dinitroazoxy benzene  fell 
correspondingly,  (see  Experimental  section.  Experiment  2). 
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which  then  acts  as  a  reducing  agent  and  is  finally  oxidized  to  phtlialonic  and  phthalic  acids.  On  the  other  hand, 
the  initially  formed  arylhydrazine  was  converted  to  the  3 -oxide  of  5-nftro-l,  2,  3-benztriazole  which  acted  as 
an  oxidizing  agent  and  was  reduced  to  the  corresponding  benztriazole.  The  main  steps  in  these  reactions  are 
whown  in  diagram  2  and  do  not  require  a  more  detailed  explaination. 


r 


N=N— Ar 

I 


OH 

(I) 


N-NH-Ar 

I  II  II  H^NHNCeH3(N02)2*(2,4) 


HN=NC6H3(N02)2-(2,4) 


H0N=NC8H3(N02)2-(2,4) 


H0CeH3(N02)2-(2.4) 


O 

II 


Y^oh 

o 


N-N02 


COOH 

'^COCOOH 


CgH^fCOOHla 


EXPERIMENTAL 

Oxidative -hydrolytic  cleavage  of  l-(2*.4*-dinitrobenzeneazo)-3.4-dihydroxynaphthalene[l;  Ar=  C6H3(N02)2-2,4] 

The  original  2,  4-dinitroazoe  dye  was  obtained  by  combining  dl'azotized  2,  4-dinitroaniline  with  1,  2- 
dihydroxynaphthalene.  The  precipitate  was  washed  with  water,  stirred  twice  with  hot  alcdiol,  recrystallized  from 
chlorobenzene  and  washed  with  benzene.  Long,  dark  crimson  needles  were  obtained.  Decomp,  at  282-283*. 

Found  C  54.20;  H  2.87;  N  15.58.  Ci6Hio06N4.  Calculated  ojoi  C  54.24;  H  2.84;  N  15,82. 

In  carrying  out  the  cleavage  process  we  used  the  apparatus  and  kept  to  the  conditions  and  working  procedures 
described  in  [1]  (Experiment  1).  14  g  of  2,  4-dinitroazo  dye  and  3.5  liters  of  l<7o  aqueous  NaOH  were  boiled  for 
7.5  hours  in  a  stream  of  nitrogen.  The  solution  was  acidified  with  60%  H2SO4.  the  dark  precipitate  produced  was 
filtered  off  and  the  filtrate  was  extracted  5  times  with  chloroform  and  then  5  times  with  ether.  The  chloroform 
and  ether  solutions  were  washed  with  water,  boiled  with  charcoal  and  dried  (the  first  over  CaQ2,  the  second  over 
Na2S04),  after  which  the  solvents  were  distilled  off.  From  the  chloroform  solution  was  obtained  1.13  g  of  2,  4- 
dinitrophenol  with  m.  p.  112-113“  (from  water);  its  acetyl  derivative  had  m;  p.  72*  [7].  From  the  ether  solution 
was  isolated  1.08  g  of  5-nitro-l,  2,  3-benztriazole  with  m,  p.  208-209*  (from  water);  the  acetyl  derivative  had 
m.  p.  146*  (from  toluene  [8]).  The  acidic  aqueous  solution  (remaining  after  extraction  with  chloroform  and  ether) 
was  neutralized  to  pH  6-6.5  and  was  boiled  down  to  200  ml  in  a  stream  of  nitrogen.  The  mineral  salts  which 
separated  were  filtered  off  and  the  filtrate  was  strongly  acidified  with  60%  H2SO4  and  was  extracted  with  chloro¬ 
form  5  times  and  with  ether  7  times,  0.07  g  of  5-nitro-l,  2,  3-benztriazole  (m.  p.  209")  was  isolated  from  the 
chloroform  solution.  From  the  ether  solution  was  obtained  0.5  g  of  an  oily  crystalline  residue,  which  was  a 
mixture  of  phthalic  and  phthalonic  acids.  Crystals  of  phthalic  acid  v/ere  separated  from  the  oil  and  phthalonic 
acid  was  isolated  from  the  latter  in  the  form  of  its  quinoxaline  derivative  with  m.  p.  238-239"  (from  alcohol; 

[9],  Experiment  2b). 

Carrying  out  the  reaction  as  described  above  gave  a  15.5%  yield  of  2,  4-dinitrophenol  and  a  17%  yield  of 
5-nitro-l,  2,  3-benztriazole,  If  the  volume  of  1%  NaOH  solution  was  increased  4  times  then  the  yield  of  the 
first  of  these  materials  was  increased  to  20%  and  that  of  the  second  to  31%. 


2.  The  behavior  of  2,  4-dinitrophenylhydrazine  on  heating  with  an  alkaUne  solution.  The  reaction  was 

carried  out  exactly  as  described  in  Experiment  1.  10.54  g  of  2,  4-dinitrophenylhydrazine  and  4.5  liters  of  lojo 

aqueous  NaOH  were  taken.  On  completion  of  the  reaction,  the  pH  of  the  solution  was  brought  to  6-6.5  by  the 
addition  of  2!^  HJSO4.  4.55  g  (58<yo)  of  3,  3'-dinitroazoxybenzene  was  filtered  off  and  was  purified  by  recrystali- 
lization  from  alcohol  in  the  presence  of  charcoal.  M.  p,  142-143*.  For  characterization,  this  was  converted 
into  3,  3'-dinitro-4-hydroxyazobcnzene  with  m.  p.  172-173”  (from  chloroform  [10]),  by  heating  with  H2SO4. 

The  aqueous  filtrate  was  strongly  acidified  witli  60%  H2SO4,  filtered  and  extracted  first  5  times  with  chloroform 
and  then  5  times  with  ether.  The  chloroform  and  ether  solutions  were  washed  with  water  and  boiled  with  charcoal. 
The  ether  solution  was  dried  over  Na2S04  and  the  ether  was  distilled  off.  1,32  g  (13.7%)  of  the  3 -oxide  of 
5-nitro-l,  2,  3-benztriazole  with  m.  p.  190-191*  (from  water  [11]),  was  obtained.  The  chloroform  solution  was 
boiled  down  to  100  ml,  extracted  with  a  10%  soda  solution,  washed  with  water,  dried  over  CaCl2  and  evaporated 
down.  0.5  g  (5.5%)  of  1,  3 -dinitrobenzene  with  m.  p.  89*  (from  alcohol)  was  obtained.  The  soda  solution  was 
acidified  and  extracted  with  ether  to  give  0.1  g  (1%)  of  2,  4-dinitrophenol  within,  p.  112-113*  (from  water). 

By  carrying  out  the  reaction  under  the  conditions  described  above,  but  also  passing  a  continuous  stream  of! 
air  through  the  reaction  mixture  at  a  fast  rate,  the  yield  of  1,  3 -dinitrobenzene  was  sharply  Increased  (from  5.5 
to  22%)  and  the  yield  rf  3,  3’-dinitrohydroxyazobenzene  correspondingly  reduced  (from  58  to  38.5%). 

3.  Oxidative -hydrolytic  cleavage  of  l-(3*,  5*-dinitrobenzenazo)-3,  4-dihydroxynaphthalene 

Ar  =  C6n3(N02)2  -3,  5  ].  ■  The  original  3,  5-dinitroazo  dye  was  obtained  by  combining  diazotized  3,  5- 
dinitroaniline  with  1,  2-dihydroxynaphthalene.  The  precipitate  was  washed  with  water,  heated  with  alcohol  and 
recrystallized  from  pyridine  with  a  subsequent  wash  with  hot  alcohol.  The  bright  red  needles  darkened  at  about 
265*  and  melted  with  decomposition  at  278-279*. 

Found  %;  C  54.00;  H  2.97;  N  15.50.  CifiHio06N4.  Calculated  %;  C  54.24;  H  2.84;  N  15.82. 

In  carrying  out  the  cleavage  process  we  used  the  apparatus  and  kept  to  the  conditions  and  working  pro¬ 
cedures  described  in  [1]  (Experiment  1).  Six  grams  of  dye  and  4  liters  of  phosphate  buffer  solution  (pH  9.17, 

0.1  molar)  were  boiled  in  a  stream  of  nitrogen  for  15  hours.  The  solution  was  brought  to  pH  6-6.5  with  25% 

H2SO4  and  then  the  dark  brown  precipitate  (5.2  g)  of  the  products  of  resinification  and  condensation  of  the 
original  azo  dye  were  filtered  off.  The  filtrate  was  evaporated  down  to  300  ml,  strongly  acidified  with  60% 

H2SO4,  filtered  and  extracted  many  times,  first  with  chloroform  and  then  with  ether.  A  small  amount  of 
phthalic  acid  was  separated  from  the  ether  extract  after  it  had  been  boiled  with  charcoal. 

SUMMARY 

1.  Oxidative-hydrolydc  cleavage  of  l-(3’,5*-dinitrobenzeneazo)-  and  l-(2,4-dinitrobenzeneazo)-3, 4-di¬ 
hydroxynaphthalene  was  examined.  The  first  of  these  similar  to  l-benzoneazo-3, 4-dihydroxynaphthalene,  inves¬ 
tigated  earlier,  was  very  easily  changed,  even  on  boiling  with  an  aqueous  solution  having  a  pH  of  ~9;  the  second 
was  much  more  stable  and  underwent  cleavage  only  on  prolonged  boiling  with  1%  alkali  solution. 

2.  It  was  shown  that  the  end  products  of  cleavage  of  2,  4-dinItroazo  dyes  were  phthalonic  and  phthalic 
acids,  5-nitro-l,  2,  3-benztriazole  and  2,  4-dinitrophenol. 

3.  In  elucidating  the  formation  mechanism  of  these  compounds,  the  course  of  cleavage  of  2,  4-dinltro- 
phenylhydrazine  by  aqueous  alkali  was  studied  in  addition. 
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QUATERNARY  AMMONIUM  COMPOUNDS 


II.  THE  FORMATION  OF  TETROLIC  ACID  BY  REACTION  OF  TRIMETHYL- 
-(2.  2.  3.  3. -TETRACHLOROBUTYL)- AMMONIUM  IODIDE  WITH 
AQUEOUS  ALKALI 

A.  T.  Babayan  and  A.  A.  Grigoryan 


In  a  previous  report  [1]  on  the  dehydrochlorination  of  quaternary  ammonium  salts  containing  the  radical 
3-chlorobuten-2-yl,  the  dependence  of  the  reaction  rate  on  the  nature  of  the  nitrogen  was  clearly  shown.  While 
compounds  with  a  quaternary  ammonium  nitrogen  were  easily  dehydrochlorinated  by  aqueous  alkali,  the  correspon¬ 
ding  tertiary  amines  were  not  changed  at  all  under  the  same  conditions.  The  facility  of  dehydrochlorinatiai  of 
quaternary  ammonium  salts,  containing  halides  in  the  y-positlon  to  the  nitrogen,  may  be  explained  by  the  lability 
of  the  hydrogen  atom  in  the  fl  -position. 

It  was  interesting  to  follow  the  reaction  of  aqueous  alkali  on  quaternary  ammonium  salt  not  containing 
hydrogen  in  the  0 -position  to  the  nitrogen.  Trimethyl-(2,  2,  3,  3, -tetrachlorobutyl) -ammonium  iodide  (I)  was 
selected  as  this  type  of  compound.  The  original  l-dimethylamino-2.  2,  3,  3,-tetrachlorobutane  was  obtained  by 
chlorination  of  1-dimethylaminobutane  in  hydrochloric  acid  solution  with  82-90*^ yield.  The  chlorination  took 
place  very  smoothly  and  resulted  in  the  addition  of  four  chlorine  atoms  at  the  multiple  bond.  A  small  amount  of 
l-dimethylamino-2,  3,-dichlorobutene-2,  that  isJfrom  the  addition  of  two  chlorine  atoms,  was  also  isolated. 

The  investigation  of  the  trimethyl -(2,  2,  3,  3-tetrachlorobutyl)-ammonium  iodide  reaction  With  aqueous 
alkali  showed  that  in  2-3  hours  at  room  temperature  all  four  chlorine  atoms  were  converted  into  the  ionic  state. 
The  reaction  was  followed  by  the  increase  in  concentration  of  halide  ions  in  the  solution,  as  well  as  by  alkali 
consumption.  The  halide  Ion  content  after  3  hours  corresponded  to  the  theoretical  (95.5Pfo);  titration  results  indi¬ 
cated,  however,  that  alkali  was  used  not  only  for  dehydrochlorination.  The  smell  of  trimethylamine  appeared 
quite  soon.  This  indicated  that  under  treatment  with  aqueous  alkali  at  room  temperature,  trimethyl-(2,  2,  3,  3- 
tetrachlorobutyl)-ammonium  iodide  was  not  only  completely  dehydrochlorinated  but  that  it  also  underwent  a 
further  cleavage  to  liberate  trimethylamine.  The  fate  of  the  fourth  radical  was  not  clear. 

On  the  basis  of  the  results  obtained, the  following  reaction  course  seemed  possible; 


CH3^  ^CH2 — CCI2 — CCI2 — CH3  i^,oH  — C=CH 

CH3/ 1  N:h3  CH3/ 1  \ch3 

I  (I)  OH 

— ►  (CH3)3N-^[HfeC-C=C-OH] 


I 

HC=C-CH=C=0 

|h,o 

HC=C-CHj-Cf 

^OH 


NaOH 


CH2=C=C=C=0 

jH,0 

/O 

CH3-C=C-C<f 

\OH 
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Thus,  the  formation  of  eitherethynylacetic  ortetrolic  acid  would  be  expected.  Actually,  by  acidifying  the 
reaction  mixture  and  extracting  it  with  ether,  an  acid  was  separated  with  m,  p,  78“.  The  melting  point  of 
ethynylacetic  acid  is  83-83.5*  [2J,  while  that  of  tetrolic  is  78*  [3].  In  view  of  the  closeness  of  the  melting  points, 
tetrolic  acid  was  synthesized  for  Identification  [4]  and  this  had  m.  p.  76*  which  was  not  depressed  by  admixture 
with  the  acid  we  isolated.  Furthemore,  addition  compounds  with  mercuric  chloride  [5]  were  obtained  both  for 
tetrolic  acid  and  for  the  acid  produced  by  us.  These  compounds  were  also  identical.  When  recrystallized  from 
methyl  alcohol  they  had  m.  p.  120*  which  corresponded  to  literature  data  [5]  and  was  not  depressed  by  mixing. 
The  yield  of  tetrolic  acid  was  70^o. 

The  possibility  exists  that  tetrolic  acid  was  not  the  only,  or  even  the  initial,  reaction  product.  It  is  possible 
that  it  was  formed  together  with  ethynylacetic  acid  or  even  as  a  result  of  isomerization  of  the  initially  formed 
ethynylacetic  acid  in  the  alkaline  medium. 


EXPERIMENTAL 

Preparation  of  l-dtmethyIamino-2,  2,  3,  3 -tetrachlorobutane .  a)  430  g  of  chlorine  was  passed  into  a 
solution  of  242.5  g  of  l-dimethyIaminobutene-2  In  350  ml  of  34<7o  hydrochloric  acid.  The  reaction  product  was 
isolated  by  making  the  solution  alkaline  with  potash  and  extracting  with  ether.  After  distilling  off  the  ether 
the  residue  crystallized.  Pure  crystals  (364  g)  were  obtained  by  separating  the  crystalline  material  and  washing 
with  small  portions  of  ether.  Distillation  of  the  filtrate  gave  22  g  of  liquid,  125  g  of  crystalline  material  and 
29  g  of  undistillable  residue.  489  g  (82^)  of  crystalline  product  was  obtained  by  this  method.  B.  p.  114-115* 

(13  mm),  m.  p.  46-47*. 

Found  ojo-.  N  6.07.  C6H11NCI4.  Calculated  %:  N  5.85. 

The  hydrochloride  melted  at  217*;  the  picrate  at  177*  after  recrystallization  from  alcohol. 

The  liquid  product  had  the  following  properties:  b.  p.  71-75®  (19  mm)  d|®  1.0999,  n^  1,4737,  MRp  42.89; 
calc.  4v3.14. 

Found  <7o:  N  8.27.  CgHjiNCla.  Calculated  %■.  N  8.33. 

M.  p.  of  picrate  156.59';  methiodide  225*. 

Found  I  40.49.  C7H14NCI2I.  Calculated  I  40.90. 

b)  Chlorine  was  passed  through  a  solution  of  48.5  g  of  l-dimethylaminobutene-2  in  100  ml  of  34^70 
hydrochloric  acid.  A  total  of  75  g  of  chlorine  was  absorbed.  Then  the  mixture  was  neutralized  with  a  concen¬ 
trated  potash  solution.  The  crystalline  amine  was  filtered  off  and  washed  many  times  with  water.  After  drying 
the  crystals  had  m.  p.  46-47*.  The  yield  of  l-dimethylamino-2,  2,  3,  3 -tetrachlorobutane  was  108  g  (90.3<yo). 

Trimethyl -(2,  2,  3,  3-tetrachlorobutyl)-ammonium  iodide.  A  solution  of  21.3  g  of  methyl  iodide  in 
60  ml  of  acetone  was  poured  into  23.9  g  of  l-dimethylamino-2,  2,  3,  3 -tetrachlorobutane.  The  crystals  de¬ 
posited  after  three  hours  heating  on  a  boiling  water  bath  were  filtered  off  and  washed  with  alcdiol.  The  yield 
was  almost  quantitative.  After  recrystallization  from  methyl  alcohol  the  m,  p.  was  187*. 

Found<7o:  I  32,95.  C7H14NCI4I.  Calculated  <7o:  I  33.30. 

Reaction  of  Trimethyl -(2,  2,  3,  3 -tetrachlorobutyl) -ammonium  iodide  with  aqueous  alkali.  To  1.0068  g 
of  trimethyl-(2,  2,  3,  3 -tetrachlorobutyl) -ammonium  iodide  was  added  an  aqueous  solution  containing  0.01485 
mole  of  caustic  potash.  The  total  weight  of  solution  and  salt  was  10,8179  g.  On  mixing  the  alkali  with  the  salt, 
heat  was  evolved  and  therefore  the  vessel  with  the  reaction  mixture  was  cooled  in  water.  The  solution  was  left 
to  stand  at  room  temperature.  From  time  to  time  an  aliquot  was  taken  and  titrated  with  0.1  N  sulfuric  acid  to 
determine  the  amount  of  alkali  used  and  the  molecular  proportion  of  alkali  used  to  salt, taken, was  calculated. 

The  data  obtained  from  the  titrations  are  given  below. 

Time  (in  hours)  Ratio  of  moles  of  alkali  to  moles  of  salt 

1.5  4.65 

3  4,95 

24  4.87 
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The  data  obtained  show  that  already  after  3  hours,  4.95  moles  of  alkali  had  been  used  up  per  mole  of 

salt. 


It  was  also  determined  that  after  24  hours  the  amount  of  ionic  halide  in  the  solution  was  95. 5<^. 

Preparation  of  tetrolic  acid.  A  solution  of  48  g  of  caustic  soda  in  40  ml  of  water  was  added  over  20 
minutes  to  76.2  g  of  trimethyl -(2,  2,  3,  3 -tetrachlorobutyl) -ammonium  iodide  in  40  ml  of  water  at  -10*.  The 
reaction  proceeded  with  the  evolution  of  heat  and  was  practically  complete  after  1  hour.  The  trimethylamine 
evolved  during  the  reaction  was  uapped  in  a  bubbler  with  sulfuric  acid.  After  1  hour  the  reaction  mixture  was 
washed  with  ether  and  then  the  water  layer  was  carefully  acidified  with  hydrochloric  acid  and  extracted  many 
times  with  ether.  The  combined  ether  extracts  were  dried  over  sodium  sulfate.  After  evaporating  off  the  ether 
the  residue  (11.8  g,  70.2%)  completely  crystallized.  After  recrystallization  from  benzene,  this  material  melted 
at  78-78.5®.  Admixture  with  authentic  tetrolic  acid  did  not  depress  the  melting  point. 

Found  %:  C  57.06;  H  4.95.  M  88.  C4H4O2.  Calculated  %;  C  57.14;  H  4.76.  M  84. 

0.2  g  of  the  crystals  was  dissolved  in  2  ml  of  a  saturated  solution  of  mercuric  chloride  in  saturated  sodium 
chloride  solution  [5].  The  crystals  which  separated  out  over  20  minutes  were  filtered  off  and  washed  with  water. 
After  recrystallization  from  methyl  alcohol  they  had  m.  p.  120®.  The  melting  point  was  not  depressed  by  mix¬ 
ing  with  the  compound  of  tetrolic  acid  with  mercuric  chloride,  i.  e.  a-chloromercuri- 6 -chlorocrotonic  acid, 
melting  at  120®. 


SUMMARY 

1.  Chlorination  of  l-dlmethylaminobutene-2  in  hydrochloric  acid  solution  gave  l-dimethylamino-2,  2,  - 
3,  3-tetrachlorobutane,  which  Is  described  for  the  first  time. 

2.  The  reaction  of  l-dImethylamino-2,  2,  3,  3-tetrachlorobutane  methiodide  with  aqueous  alkali  led 
to  complete  dehydrochlorination  and  cleavage  of  the  salt  with  the  formation  of  trimethylamine  and  tetrolic 
acid. 
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MECHANISM  OF  GUANIDINE  NITRATE  FORMATION  BY  AMMONIOLYSIS 

OF  CY  ANOGUANIDINE 


S.  N.  Kazarnovsky  and  N.  I.  Moshcha nskay a 


Guanidine  salts  are  finding  an  ever  widening  industrial  application,  at  the  present  time,  especially  in  organic 
synthesis.  The  general  method  used  for  producing  guanidine  salts  is  by  fusing  cyanoguanidine  with  ammonium 
salts  [1].  A  reaction  mechanism  for  the  formation  of  guanidine  salts  through  biguanidine  was  suggested  and  proved 
experimentally  by  Blair  andBraham  [2]  and,  simultaneously,  by  Davis  [3].  Melamine  and  a  product  described  by 
the  authors  as  a  mixture  of  ammeline  and  ammelide  were  side  products  of  the  synthesis  of  guanidine  salts  [3,  5]. 

The  aim  of  the  present  work  was  to  investigate  in  detail  the  reaction  kinetics  of  guanidine  nitrate  formation 
over  the  temperature  range  130-160*. 


Changes  in  content  of  biguanide  nitrate,  guanidine 
nitrate  and  cyanoguanidine  in  a  cyanoguanidine 
ammonium  nitrate  melt,  in  relation  to  heating 
time  at  130’  (I),  140*  (II),  150*  (III). 

1)  Biguanide  nitrate;  2)  guanidine  nitrate; 

3)  cyanoguanidine. 


The  investigation  results  are  given  graphically 
In  the  diagram;  the  heating  time  in  minutes  is  plotted 
on  the  abscissa  and  the  melt  content  of  biguanide  and 
guanidine  nitrates  (in  %  of  the  theoretical)  and  cyano¬ 
guanidine  (in  {)ercentage  of  initial  cyanoguanidine)  are 
on  the  ordinate.  * 

As  can  be  seen  from  the  graph  at  all  temp)eratures 
investigated  the  formation  of  biguanide  nitrate  started 
immediately  from  the  moment  the  reaction  mixture 
was  placed  in  the  thermostat.  Its  content  in  the  melt 
increased  at  first,  reaching  a  maximum,  and  then  de¬ 
creased.  Further  decrease  in  biguanide  nitrate  content 
occurs  at  an  increasing  rate  with  an  increase  in  temper¬ 
ature.  The  formation  of  guanidine  in  the  melt  began 
earlier,  on  increasing  the  temj)erature.  Its  content  in 
the  melt,  in  contrast  to  biguanide  nitrate,  increased 
constantly.  With  an  increase  in  temperature  the  guan¬ 
idine  nitrate  content  increased  at  a  faster  rate.  The 
biguanide  nitrate  content  started  to  fall  off  when  its 
formation  rate  became  less  than  that  of  guanidine  nitrate. 
The  unreacted  cyanoguanidine  content  of  the  melt 
decreased  more  rapidly  with  increasing  temperature. 


It  appeared  that  the  melts  contained  only  an  insignificant  amount  of  melamine  (1-2  %).  Materials  insoluble 
in  water  (ammeline  and  ammelide)  were  practically  non-existent  in  the  samples,  and  were  not  present  as  more 
than  a  tenth  of  a' percent. 

The  balance  (total  on  cyanoguanidine)  for  the  separate  analyses  of  the  melts  was  90-104^o. 


•The  curves  obtained  for  160*  are  similar  in  character  to  those  for  150*. 
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EXPERIMENTAL 


A  mixture  of  cyanoguanidine  and  ammonimn  nitrate,  in  the  molecular  proportions  of  1:2.4,  was 
placed  in  glass  tubes  (6.2  g  of  mixture  in  each),  which  were  placed  in  a  thermostat,  where  they  were  maintained 
at  a  given  temperature  with  an  accuracy  of  ±  1.5",  and  were  removed  from  it  after  a  definite  time  interval. 

The  weight  of  the  tubes  before  and  after  heating  was  constant.  To  obtain  a  uniform  liquid  melt,  before 
placing  in  the  thermostat,  the  tubes  with  the  reaction  mixture  were  heated  for  30  min  at  120*  in  a  glycerine 
bath.  Analysis  showed  that  3.2<7o  of  biguanide  nitrate  was  formed  in  the  mixture  by  this, and  that  29.2<7o  of 
unreacted  cyanoguanidine  remained,  which  was  allowed  for  in  constructing  the  graphs. 

In  the  samples  obtained,  the  biguanide  and  guanidine  nitrate  contents  were  determined.  In  some  tal  cs 
the  content  of  unreacted  cyanoguanidine  was  determined.  Besides  this,  in  some  samples  the  content  of  mel¬ 
amine  and  substances  insoluble  in  water  (ammeline  and  ammelide)  was  determined.  The  biguanide  mitrate 
content  was  determined  by  Garby's  method  [4]  with  the  following  changes  introduced  by  us:  in  preparing  the 
precipitating  reagent  a  l°]o  solution  of  mannitol  was  used  and  instead  of  40  ml  of  concentrated  ammonia, 

90  ml;  as  an  indicator  we  used  indigo  carmine.  The  guanidine  nitrate  content  was  determined  by  the  generally 
accepted  Fotsarik  method  [5].  The  guanidine  nitrate  content  was  determined  using  5  ml  of  a  solution  obtained 
from  4  g  of  melt  in  100  ml  of  water  and  the  biguanide  nitrate  content  was  determined  on  25  ml  of  this  solu  - 
tion. 


The  unreacted  cyanoguanidine  content  of  the  melts  was  determined  by  Byukenen's  method  [6,  7], 

For  the  analysis  we  took  25  ml  of  a  solution  prepared  from  1  g  of  melt  in  100  ml  of  water.  For  the  analysis  cf 
melts  with  a  high  guanidine  nitrate  content  (greater  than  50*70  of  the  weight  of  melt),  0.5  g  cf  melt  was  dissolved 
in  50  ml  of  water  and  the  cyanoguanidine  content  determination  was  carried  out  on  the  whole  solution. 

The  melamine  content  of  the  melts  was  determined  by  its  precipitation  as  the  cyanurate  by  the  method 
developed  in  the  laboratory  for  the  technology  of  organic  materials  of  the  Gorki  Polytechnic  Institute,  in  which 
0.5  g  of  the  melt  was  dissolved  in  50  ml  of  water,  the  insoluble  residue  was  filtered  off  and  100  ml  of  0.15<7o 
cyanuric  acid  solution  was  added  to  the  filtrate.  The  composition  of  the  dried  precipitate  corresponded  to  the 
formula  C3H5N6  •  C3H3O3N3  [8]. 

The  investigation  of  the  kinetics  was  carried  out  at  130,, 140,  150  and  160°,  Each  experiment  lasted  for 
4  hours. 


SUMMARY 

1.  We  investigated  the  reaction  kinetics  of  the  formation  of  guanidine  nitrate  by  melting  cyanoguanidine 
with  ammonium  nitrate  in  the  molecular  proportions  of  1 :2.4  in  the  temperature  range  130-160°. 

2.  The  formation  of  guanidine  nitrate  proceeds  through  the  formation  of  biguanide  nitrate. 

3.  The  guanidine  nitrate  content  of  the  reaction  mixture  increases  with  increasing  heating  time  at 
constant  temperature;  the  reaction  rate  of  guanidine  nitrate  formation  is  decreased  by  this. 

4.  The  rate  of  guanidine  nitrate  formation  increases  with  raising  of  the  temperature. 

5.  Only  melamine,  of  the  side  products  of  the  reaction  (triazine  derivatives),  was  formed  under  the 
conditions  of  our  experiment  (with  small  quantities  of  reaction  mixture). 
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INVESTIGATION  IN  THE  TIELD  OF  TAUTOMERIC  COMPOUNDS 
XXII.  THE  LABILITY  OF  HYDROGEN  ATOMS  OF  THE  QUINALDINE  METHYL  GROUP 

A.  E.  Porai -Koshits*and  I.  I.  Chizhe  vsl<ay  a 


The  capacity  of  compounds  with  labile  methyl  hydrogen  atoms  to  condense  with  earboxylic  anhydrides 
was  first  illustrated  by  the  reaction  of  quinaldine  with  phthalic  anhydride  [1].  On  studying  the  mechanism  of 
tliis  reaction,  it  was  established  [2]  that  the  condensation  of  quinaldine  with  phthalic  anhydride  at  temperatures 
up  to  150"  resulted  in  isoquinophthalone  formation  (I),  which  is  a  phthalyl  derivative— 3-(quinaldilen)-phthalide; 
isomeric  quinophthalone  (II),  which  is  an  indandione-1,  3  derivative,  was  formed  by  raising  tlie  condensation 
temperature  from  150  to  240*. 
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Quinophthalone.  after  sulfonation,has  been  used  as  a  valuable  acid  dye,  known  as  "quinoline  yellow". 

A.  E.  Porai -Koshits  and  A.  I.  Kulikov  [3],  on  the  basis  of  the  analogous  structure  of  acid  and  substantive 
azo  dyes,  condensed  biquinaldine  with  phthalic  anhydride  to  synthesize  a  biquinophthalone  derivative,  which 
was  the  reaction  product  of  2  moles  of  phthalic  anhhdride  with  1  mole  of  biquinaldine.  A  substantive  dye  — 
biquinoline  yellow,  a,  a’-bis-(indandion-l,  3-yl-2)-biquinoline  (III),  which  dyed  cotton  yellow  in  a  soda -lye 
bath  was  obtained  by  sulfonation  of  the  condensation  product. 


•Deceased. 
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The  dye  synthesized  was  the  first  sample  of  ihe  new  ty|)e  of  substantive  dye  with  no  azo  group  in  the 
molecule.  The  new  substantive  dye  was  an  improvement  on  benzidine  azo  dyes  in  its  stability  to  acid. 

As  further  research  into  ways  of  synthesizing  the  new  type  of  substantive  dyes,  for  the  theoretical  interest 
as  well  as  the  technical  application,  we  investhgated  tlie  condensation  reaction  of  quinaldine  with  the  dianhydrides 
of  naphtha  lone -and  pcrylcuctctracarboxylic  at-ids.  Materials  containing  a  long  chain  of  conjugated  double 
bonds  would  be  expected  from  the  above  condensation.  The  sulfonation  of  these  materials  should  result  in  the 
pri>ducti(>n  of  the  new  type  of  substantive  dyes,  while  the  presence  of  <-arbonyl  groups  in  the  conjugated  chain 
gave  the  p(>ssibility  of  use  as  vat  dyes. 

There  is  no  data  in  the  literature  on  the  condensation  reaction  of  materials  having  labile  methyl  hydrogen 
atoms,  with  tetracarboxylic  dianhydrides. and  tliis  reaction  was  investigated  for  the  first  time  by  us,  using  quati- 
dine  as  the  example.  Condensation  of  quinaldine  with  naphthalenetetracarboxylie  dianhydride  was  carried  out 
by  heating  2  moles  of  quinaldine  with  Imole  of  naphthalenetetracarboxylie  dianhydride.  Two  products  were 
obtained  from  the  condensation,  one  of  which  was  soluble  in  aqueous  alkali  and  the  other  insoluble. 

By  acidifying  the  alkaline  solution  a  reddish-brown  material  was  isolated  which  reacted  with  hydroxylamine 
and  phenylhydrazine,and  on  treatment  with  caustic  potash  and  silver  nitrate,  formed  potassium  and  silver  salts. 

Elementary  analysis  of  the  material  isolated  from  the  alkali  solution,  as  well  as  analysis  of  derivatives 
produced,  showed  that  the  material  investigated  was  possibly  a  naphthalene  diketodicarboxylic  acid  corresponding 
to  one  of  the  following  structural  formulas:  5,  8-di-(quinaldilen-oxymethyl)-  naphthalene -1,  4-dicarboxylic 
acid  (IV),  4,  8 -di-(quinaldilen-oxy methyl)-  naphthalene-1,  5-dicarboxylic  acid  (V)  and  1,  8-di-(quinaldilen- 
oxymethyl)-naphthalene-4,  5-dicarboxylic  acid  (VI). 
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A  strong  argument  against  formula  (VI)  for  the  product  isolated  from  the  alkali  solution,  was  the  impossi¬ 
bility  of  obtaining  the  anhydride  by  heating  the  diketodicarboxylic  acid  to  250®  with  the  separation  of  1  water 
molecule  from  the  two  carboxyl  groups  in  the  peri-position  (4,  5)  of  the  naphthalene  nucleus,  as  well  as  the 
impossibility  of  obtaining  the  condensation  product  of  4  moles  quinaldine  with  1  mole  of  naphthalenetetracarboxylie 
anhydride,  namely,!,  4,5,  8-tetra-(quinaldilen-oxymethyl)-naphthalene  (VII). 
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A  prc'diic-r,  differinj'  from  tlic  diketodicarboxylio  arid  by  tv/o  water  molecules  was  prcxlured  when  the 
latter  was  heated  at  230-250'’.  The  product  obtained  was,  apparently,  a  diketo-dlcarboxylic  lactone  -  the 
dilactone  of  a  di-(quinaldilen-oxymethyl)-dicarboxylic  acid  of  naplithalene,  which  corresponded  to  5,  8-di- 
(quinaldilen-oyymethyl)-naphthalene-l,  d -dicarboxylic  dilactone  (VIII)  or  4,  8-di-(qiiinaldilen-oxymethyl)- 
naphthalene-1.  5-dicarboxylic  dilai-tone  (IX). 
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The  condensation  of  1  mole  of  naphthalene -tetracarboxylic  dianhydride  with  4  moles  of  qulnaldine. 
gave  products  identical  with  those  obtained  by  condensing  only  2  moles  of  quinaldine  with  Imoleof  nafrfithalene*- 
tetracarboxylic  dianhydride. The  product,  corresponding  to  formula  (VII),  apparently,  was  not  formed  due  to 
steric  hindrance  (entry  of  a  second  quinaldine  molecule  into  the  naphthalene  in  a  position  peri  to  the  first). 

Thus  the  problem  of  the  diketocarboxylic  acid  structure  was  reduced  to  establishing  its  steric  stmeture. 

The  method  generally  used  for  separating  cis  and  trails  isomers  of  naphthalene-  and  perylenetetracarboxylic 
acid  diimidazole  derivatives,  based  on  the  different  solubilities  of  these  isomers  in  alcoholic  caustic  potash,  did 
not  give  positive  results  when  applied.  No  two  materials  with  different  solubilities  in  alcoholic  caustic  potash 
v/ere  detected. 

An  attempt  to  decarboxylate  the  diketodicarboxylic  acid  to  give  1,  4-or  1,  5-di-(quinolyl-acetophenone)- 
naphthalene  with  subsequent  oxidation  of  the  latter  to  a  1,  4-  or  1,  5-dicarboxylic  acid  of  naphthalene  was 
unsuccessful.  In  the  decarboxylation  experiments  we  obtained  quinaldine  and  naphthalene;  apparently,  the 
cleavage  of  quinaldine  took  place  first  and  then  the  naphthalenetetracarboxylic  acids  which  formed  were  decar- 
boxylated  to  give  naphthalene. 

Investigation  of  the  properties  of  the  second  product,  produced  by  quinaldine  condensation  with  naphthalene¬ 
tetracarboxylic  dianhydride  which  was  insoluble  in  alkali,  showed  that  it  was  suitable  for  "vatting",  that  is,  it 
was  soluble  in  alkaline  sodium  hydrosulfite  solution  and  was  separated  from  the  latter  by  oxidation  of  the  hydro¬ 
sulfite  solution  with  atmospheric  oxygen.  The  insolubility  of  the  product  obtained  in  alkali  indicated  the  absence 
of  lactone  rings  in  the  latter,  while  its  solubility  in  alkaline  hydrosulfite  solution— the  presence  of  carbonyl 
groups. 

Elementary  analysis  of  the  alkali -insoluble  product  showed  that  its  composition  was  identical  with  that  of 
the  alkali-soluble  condensation  product  of  quinaldine  with  naphthalenetetracarboxylic  dianhydride  which  we  had 
investigated  earlier. 

By  analogy  with  the  similar  condensation  of  quinaldine  with  phthalic  anhydride,  which  also  produces  two 
reaction  products  (I)  and  (II),  the  structural  formula  4,  9-di-(a-quinolyl)-4,  9-dihydro-3,  5,  8,  10-tetraoxopyrene 
(X)  seemed  possible  for  the  alkali -insoluble  condensation  product  of  quinaldine  with  naphthalenetetracarboxylic 
dianhydride. 
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An  examination  of  the  coloring  properties  of  the  products  obtained  showed  that  it  was  a  vat  dye,  coloring 
cotton  golden  yellow  in  an  alkaline  hydrosulfite  vat. 

A  substantive  dye.  an  analog  of  biquinoline  yellow,  was  produced  by  sulfonation  of  the  alkali -insoluble 
product.  The  substantive  dye  obtained  colored  cotton  olive -yellow  in  a  caustic  soda  bath.  The  color  samples 
were  stable  to  light  and  acid. 

Only  one  product,  insoluble  in  alkali,  was  produced  by  quinaldine  condensation  with  perylenetetracarboxylic 
dianhydride.  Unreacted  perylenetetracarboxylic  acid  was  separated  by  acidifying  the  alkaline  solution.  The 
alkali-insoluble  product  dissolved  well  in  alkaline  sodium  hydrosulfite  solution  and  possessed  all  the  properties 
of  a  vat  dye,  coloring  cotton  red. 

Insolubility  in  aqueous  alkali  solutions  and  capacity  for  vatting  as  well  as  elementary  analysis  data  suggested 
a  structure  for  the  condeiisation  product  of  quinaldine  with  perylenetetracarboxylic  dianhydride  corresponding  to 
2'.  2"  -di-(a-quinolyl)-2’,  2"  -dihydro-1',  3',  1".  3"-  tetraoxo-3,  4.  9,  10-dibenzperylene  (XI),  analogous  to 
a  similar  condensation  product  of  quinaldine  with  naphthalenetetracarboxylic  anhydride. 
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Sulfonation  of  the  product  obtained  produced  a  substantive  dye  coloring  cotton  brownish-red  in  a  soda-lye 

bath. 

The  structure  of  the  condensation  product  of  quinaldine  with  perylenetetracarboxylic  acid  (XI)  was  con¬ 
firmed  by  us  by  its  synthesis  in  alkali  fusion  of  quinolylnaphthindanedione-1,  3  (condensation  product  of  quinaldine 
with  naphthalic  anhydride).  The  possibility  of  carrying  out  such  a  synthesis  was  demonstrated  by  the  synthesis  of 
perylenetetracarboxylic  acid  itself,  in  which  perylenetetracarboxylic  diimide  was  obtained  by  alkali  fusion  of 
naphthalic  imide  [4].  Furthermore,  a  series  of  patents  [5]  indicated  the  possibility  of  obtaining  several  perylene¬ 
tetracarboxylic  acid  derivatives  from  the  corresponding  naphthalic  acid  derivatives. 
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Alkali  fusion  of  quinolylnaphthlndanedione*!,  3  gave  a  product,  insoluble  in  alkali  but  soluble  in  an 
alkaline  sodium  hydrosulfite  solution.  The  vat  color  on  cotton, and  data  from  spectrophotometric  measurements 
were  Identical  with  those  of  the  condensation  product  of  quinaldine  with  perylenetetracarboxylic  dlanhydride 
(XI).  The  yield  of  vattable  material  was  doubled.  Furthermore,  application  of  the  alkali  fusion  method  simplified 
the  synthesis  of  the  vattable  material  -  condensation  product  of  2  moles  of  quinaldine  with  Imoleof  perylene¬ 
tetracarboxylic  dianhydride  —  and  eliminated  a  series  of  operations  necessary  to  the  synthesis  of  perylenetetra¬ 
carboxylic  acid  dianhydride  (sulfuric  acid  saponification  of  the  dilmide  and  the  purification  of  it  and  of  perylene¬ 
tetracarboxylic  dianhydride). 

EXPERIMENTAL 

I.  Condensation  of  Quinaldine  with  N aphth al e ne t e t r ac a rboxy li c  Anhydride 

2.7  g  of  naphthalenetetracarboxylic  dianhydride  was  ground  in  a  mortar  with  3  g  of  quinaldine  and  the 
mixture  was  transferred  to  a  round  bottomed  flask,  equipped  with  an  air  condenser,  and  was  heated  2-2.5  hours 
at  200-210*.  After  cooling,  the  solidified  melt  was  ground  to  a  powder  and  was  treated  with  boiling  l<7o  hydro¬ 
chloric  acid,  after  which  it  was  washed  with  a  warm  2<7o  solution  of  soda  and  then  with  water  and,  finally,  it 
was  dried  at  100*.  It  was  a  reddish-brown  powder.  M.  p.  was  >  360*  and  the  yield  was  3. 6  g  (70%). 

The  action  of  an  aqueous  caustic  soda  solution  on  the  condensation  product.  10  g  of  condensation  product 
was  boiled  with  200  ml  of  15%  caustic  soda  solution  for  1-2  hours.  As  the  precipitate  dissolved,  the  alkaline 
solution  became  intense  yellow.  The  part  of  the  precipitate  which  did  not  dissolve  in  alkali  (about  30%),  was 
filtered  off,  carefully  washed  with  water  and  dried  (product  insoluble  in  alkali).  By  acidifying  the  alkaline 
mother  liquor  with  10%  hydrochloric  acid,  a  brick-red,  gelatinous  precipitate  was  separated  and  the  yellow  solu¬ 
tion  was  decolorized.  The  precipitate  was  filtered  off,  washed  with  water  and  dried  at  100*  (product  soluble  in 
alkali). 

Examination  of  the  condensation  product  which  was  soluble  in  alkali.  The  product  was  purified  by  re- 
precipitating  three  times  with  acid  from  a  soda  solution,  was  washed  with  water  until  there  was  no  ionic  chlorine 
in  the  filtrate  and  was  dried  in  a  thermostat  at  100-110*.  A  reddish-brown  amorphous  powder  of  5,  8-  or  4,  8- 
di(quinaldilen-oxymethyl)-naphthalene-l,  4-dicarboxylIc  acid  (IV  or  V)  was  obtained.  M.  p.  was  greater  than 
360*  and  it  was  soluble  in  dilute  aqueous  solutions  of  ammonia  and  soda. 

Found  %;  C  73,31,  73,23;  H  4.10,  4.07;  N  5.50.  5.28.  C34H22O6N2  .  Calculated  %:  C  73.64;  H  4.00; 

N  5.05. 

The  silver  salt  was  prepared  from  5  g  of  the  product  through  the  ammonium  salt,  'fhe  yellow,  flocculent 
precipitate  of  the  silver  salt  was  filtered  off,  washed  with  alcohol  and  dried  at  70-90*. 

Found  %;  Ag  27.79.  C34H20O6N2AG2  .  Calculated  %:  Ag  28.10. 

The  potassium  salt  was  prepared  by  dissolving  5  g  of  the  product  in  20  ml  of  caustic  potash  solution  and 
evaporating  on  a  water  bath  until  the  beginning  of  crystallization.  The  precipitate  which  separated  on  cooling 
was  filtered  off  and  recrystallized  from  alcohol.  A  yellow,  finely  crystalline  powder  was  obtained. 

Found  %:  K  12.04.  12.15,  C34H20O6N2K2  .  Calculated  %:  K  12.40 

The  oxime  was  prepared  by  boiling  3  g  of  the  potassium  salt  with  the  calculated  quantity  of  hydroxylamine 
hydrochloride  in  alcohol  solution  in  the  presence  of  soda.  After  cooling  a  yellow  flocculent  precipitate  separated. 
The  m.  p.  was  above  360*  (from  alcohol). 

Found  %:  N  9.30,  9.14.  C34H24O8N4  .  Calculated  %:  N  8.95. 

The  phenylhydrazone  was  prepared  from  3  g  of  the  potassium  salt,  dissolved  in  10  ml  of  water,  by  combining 
with  the  calculated  quantity  of  phenylhydrazine,  dissolved  in  50%  acetic  acid  and  then  diluting  with  three  volumes 
of  water  while  heating  on  a  water  bath.  The  precipitate  which  separated  on  cooling  melted  above  310*  (from  a 
mixture  of  alcohol  and  ether). 

Found  %;  N  11.01.  11.60.  C46H34O4N6  .  Calculated  %;  N  11.44. 
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On  heating  the  condensation  product  at  230-250*  for  6  hours,  a  meterial  was  obtained  which  ..as  insclublc 
in  soda  and  aqueous  ammonia,  did  net  react  with  hydroxylamine  and  corresponded  to  5,  8-di-(qv'.ia"ldilen- 
oxymethyl)-naphthalene-l,  4-dicarboxylic  dilactone  (VIII)  or  the  isomeric  4,  8-di-(quinaldilen-oxymethyl)- 

I,  5-dicarboxylic  dilactone  (IX). 

Found  <7o:  C  78.28,  78.41;  H  3.70,  3.17.  C34Hi804N2  .  Calculated  ojoi  C  78.76;  H  3.50. 

Decarboxylation  of  the  diketo-diacid  was  carried  out  by  heating  with  soda  lime  (1 :8)  at  a  temperature 
above  360*;  this  decomposed  the  acid  into  naphthalene,  quinaldine  and  carbon  dioxide.  About  20<7o  of  the 
starting  material  was  left  unchanged. 

By  heating  naphthalenetetracarboxylic  dianhydride  (2.7  g)  with  excess  quinaldine  (8  g),  previously  ground 
to  a  uniform  mass  in  a  mortar,  at  200-210*  for  2-2.5  hours,  a  material  was  obtained  which  was  identical  with 
the  material  obtained  by  the  condensation  in  Experiment  1. 

Examination  of  the  condensation  product  which  was  insoluble  in  alkali.  Five  grams  of  the  material 
was  heated  to  75-80*  with  400  ml  of  alkaline  sodium  hydrosulfite  solution.  The  precipitate  dissolved  an.] 
the  solution  was  a  reddish-brown  color.  A  precipitate  was  separated  by  air  oxidation  and  the  solution  vras 
decolorized. 

Cotton  was  colored  green  by  the  hydrcsulfite  solution  but  became  golden  yellow  in  air.  The  color  \/as 
stable  to  natural  light  and  washing. 

The  product,  which  was  insoluble  in  alkali,  was  purified  by  "vatting"  four  times,  after  which  it  v;as 
carefully  washed  with  hot  water  and  boiling  alcohol  and  dried  at  130-140*.  The  yield  of  vattable  material  • 
was  3.75  g.  The  brick-red  powder  was  insoluble  in  organic  solvents.  4,  9-Di-(  a-quinolyl)-4,  9-dihydro- 
3,  5,  8,  10 -tetraoxo -pyrene  (X)  melted  above  360*. 

Found  <7o;  C  78.12,  78.20;  H  3.62,  3.77;  N  5.16,  5.03,  C34H18O4N2  .  Calculated  C  78.76;  H  3.50; 

N  5.40. 

Sulfonation  of  the  alkali -insoluble  product.  Two  grams  of  the  vattable  product  was  heated  from  140  to 
185*  for  6  hours  with  12  g  of  oleum,  containing  27<7o  of  free  SO3.  When  a  test  sample  of  the  sulfonation  mix¬ 
ture  was  soluble  in  water,  the  latter  was  cooled  to  80*,  then  poured  into  ice -water  (50  ml)  and  salted  out  v/ith 
30  ml  of  a  saturated  salt  solution.  The  sodium  salt  of  the  sulfonic  acid  was  filtered  off,  then  again  dissolved 
in  100  ml  of  water  and  salted  out  with  sodium  chloride  for  the  second  time.  The  yield  of  the  sodium  salt  f 
the  sulfonic  acid  was  1.4  g.  A  solution  of  the  sodium  sulfonate  colored  cotton  olive-yellow  in  a  soda -lye 
bath  containing  Glauber's  salt. 

II.  Condensation  of  Quinaldine  with  Perylenetetracarboxylic  Dianhydr ide . 

3.9  g  of  perylenetetracarboxylic  dianhydride,  prepared  by  the  method  developed  by  A.  E.  Pcrai-Kcshits 
in  conjunction  withl.S.  Pavlushenko  [4],  and  3  g  of  quinaldine  was  ground  up  in  a  mortar,  transfered  to  a  round - 
bottomed  flask,  fitted  with  an  air  condenser,  and  heated  at  180-200*  for  4  hours.  After  cooling,  the  solidified 
melt  was  ground  to  a  fine  powder  in  a  mortar  and  was  treated  with  3‘7o  caustic  potash  solution  until  the  solution 
was  no  longer  yellow.  A  brick-red  precipitate  of  the  unreacted  perylenetetracarboxylic  dianhydride  was 
separated  out  on  acidifying  the  alkaline  mother  liquors.  The  residue  which  did  not  dissolve  in  ^0  caustic  pot¬ 
ash  solution,  was  filtered  off,  washed  with  hot  water  and  alcohol  and  dried.  The  powder  was  a  dark.red  color. 
The  yield  was  2.1  g  (33‘7o). 

Six  grams  of  the  condensation  product  which  was  insoluble  in  3%  caustic  potash,  was  heated  with  500  ml 
of  a  l‘7o  alkaline  solution  of  sodium  hydrosulfite  to  60-70*;  the  precipitate  dissolved,  giving  a  red-violet 
solution  with  a  crimson  fluorescence.  The  solution  was  filtered  and  oxidized  with  air,  which  produced  a  red- 
brown  precipitate  and  decolorized  the  solution.  The  vatting  process  was  repeated  3  times,  after  which  the 
precipitate  was  filtered  off,  washed  with  hot  water  and  alcohol  and  dried.  Yield  of  vat  material  was 
4.78  g  (26.7%). 

The  hydrosulfite  solution  dyed  cotton  a  dark-violet  color  which  turned  red  in  air.  The  color  was  stable 
to  light  and  to  washing. 

Analysis  of  the  vatted  material  —2',  2"-di-(  a-quinolyl)-2’,  2” -dihydro- 1’,  3’,  1",  3"-tetraoxy-3,  4, 

9,  10-dibenzperylene  (XI). 

Found  %:  N  4.68,  4,54.  C44H22O4N2  .  Calculated  %:  N  4.36. 
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Sul£<'iiani)n  tlic  aH<ali -iiisoliihle  ^ W‘*  j^fiinis  of  the  vatted  material  and  16  g  of  27%  oleum 

was  healed  at  160“  f(v  6  hours  with  mceliaiiieal  stirring. 


At  the  <  nd  of  the  snlfonation,  a  lest  sample  sliowed  tiuit  the  snlfrrnation  mass  was  only  partly  soluble  in 
wafer.  After  cooling,  the  snlfonation  mass  was  poured  into  ice-water,  the  solution  was  filtered  from  the  unre- 
acted  solid  residue  and  after  this  the  sulfonic  acid  was  salted  out  of  the  solution  by  the  addition  of  saturated 
salt  solution.  The  yield  of  sodium  sulfonate  was  0.75  g. 


A  solution  of  the  srxiium  snlftmate  dyed  cotton  a  brownish-red  color  in  a  srxla-lye  bath  containing 
Glanlx;r's  salt. 


Ill.  Condensation  of  Quinaldine  with  Napltthallc  Anhydride 


Two  grams  of  naphthalic  anhydride  and  1.5  g  of  quinaldine  was  ground  in  a  mortar,  then  heated  at  210*- 
220"  for  2  hours  in  a  flask  with  an  air  condenser.  The  solidified  melt  was  grtxind  in  a  mortar,  treated  with 
boiling  1%  hydrochloric  acid  and  then  with  a  2%  soda  solution,  washed  witlt  water  and  dried.  Light  yellow, 
silky,  thread-like  crystals  were  obtained  (from  glacial  acetic  acid).  The  yield  of  quinolyl-peri-naphthindane- 
dione-1, 0;  3.1  g  (96%). 


A  mixture  of  alkali -soluble  and  insoluble  precipitates  was  obtained  with  a  lower  reaction  temperature 


(180“). 


Alkali  fusion  of  the  condensation  product  of  quinaldine  and  naphthalic  anhydride.  8.8  g  of  caustic 
potash  and  1  ml  of  water  were  put  into  a  crucible  and  heated  until  the  alkali  fused,  after  which  2  g  of  the 
condensation  product  of  quinaldine  and  naphthalic  anhydride  were  added  and  the  temperature  in  the  crucible 
was  raised  to  295".  After  keeping  it  at  this  temperature  for  15  minutes,  the  melt  was  poured  into  water  (60  ml) 
and  was  oxidized  by  passing  air  for  2  hours.  The  precipitate  which  came  out  was  filtered  off,  washed  with 
water  and  purified  by  vatting.  The  color  of  the  hydrosulfite  vat  and  the  coloring  of  cotton  were  Identical  with 
thcKe  for  tlie  condensation  product  of  quinaldine  and  perylenetetracarboxylic  dianhydride.  The  yield  of  vatted 
material  was  1,3  g  (almost  65%). 


SUMMARY 


1.  Ouinaldine  condenses  with  naphthalene -and  perylene-tetracarboxylic  dianhydrides  due  to  the  active 
hydrogen  atoms  of  the  methyl  group. 


2.  The  condensation  products  of  quinaldine  with  naphthalene-  and  perylenetetracarboxylic  dianhydrides 
are  vat  dyes  for  cotton  and,  after  sulfonation,  are  converted  into  substantive  dyes  of  a  new  type  —  analogs  of 
biquinoline  yellow. 


3.  The  structure  of  the  vat  dye,  derived  from  perylene-tetracarboxylic  dianhydrlde,  was  established  by 
synthesis  of  the  latter,  starting  from  quinolyl-peri-naphthindanedione-l,  3  (alkali  fusion). 
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SYNTHESIS  OF  PROPIONIC  ACID-l-C*^  VIA  AN  ORGA  NOLITHIUM  COMPOUND 
N.F.  Novotorov  and  I. A.  Korshunov 


The  utilization  of  labeled  atoms  in  investigations  presupposes  their  previous  introduction  into  th^  molecules 
of  the  compounds  under  investigation.  The  relatively  high  cost  of  certain  isotopes  and  their  biological'harmfulness 
necessitates  synthesis  under  conditions  rather  different  from  those  in  the  preparation  of  the  normal  organic  com¬ 
pounds. 

Both  the  Russian  and  foreign  literature  contain  much  data  in  the  form  of  papers  tl"5]  and  monographs  [6] 
relating  to  the  synthesis  of  organic  acids  labeled  with  radiocarbon.  The  comparative  simplicity  of  introduction 
of  a  labeled  carbon  group  into  a  molecule,  with  formation  of  acid,  and  the  subsequent  syntheses  on  the  basis  of 
this  product,  enable  the  preparation  of  diverse  organic  compounds  labeled  with  radiocarbon.  Development  of  a 
convenient  method  of  synthesis  of  labeled  carboxylic  acids  is  of  particular  interest. 

The  best-known  method  of  preparation  of  organic  acids  labeled  with  the  carbon  isotope  c“,  via  organomag- 
nesium  compounds  according  to  the  reaction 

RMgl  +  C“02  RC“00MgI  — ►  RC“00H 


has  been  applied  to  the  synthesis  of  a  number  of  labeled  acids  and  has  been  fully  described  in  the  literature  [4]; 

In  spite  of  the  great  value  of  the  method  based  on  the  above  reaction,  it  is  not  free  from  defects.  The  long 
period  of  time  for  the  synthesis  and  later  isolation  of  the  end  product,  as  well  as  its  dilution  with  a  carrier,  are 
obstacles  to  the  application  of  this  method  to  syntheses  with  weakly  enriched  preparations  (carbon  isotope  C®). 
This  method  is  also  hardly  suitable  for  preparation  of  molecules  labeled  with  the  short-lived  isotope. 

All  these  disadvantages  are  eliminated  to  a  considerable  extent  by  carrying  out  the  synthesis  via  organo- 
lithium  compounds.  A  method  of  carboxylation  of  organolithium  compounds  of  the  aromatic  series  is  reported  in 
the  literature  [7],  It  involves  the  action  of  solid  carbon  dioxide  on  organolithium  compounds.  Depending  upon 
the  conditions,  the  following  reactions  take  place: 

RLl-^COa  RCOOLi 

RCOOLi  ■+■  RLl  -►  R— C— R 

/\ 

LiO  OLI 

2RLI  ■+■  COa  -►  R— C— R 

/\ 

LlO  OLI 

RCOOLI  -H  RLi  -4-  COa  R— CO— R  LICO3  (4) 

2RLI  CO2  R— CO— R  LICO3  (5) 

The  product  of  reactions  (2)  and  (3)  is  transformed  after  hydrolysis  into  a  ketone  [8].  Reactions  (4)  and  (5)  can  be 
successfully  applied  to  the  synthesis  of  labeled  ketones  via  organolithium  compounds. 

The  lithium  salt  of  the  carboxylic  acid,  directly  obtained  in  the  process  of  carboxylation,  considerably 
shortens  the  time  for  the  subsequent  operation  of  isolation  of  the  labeled  product  and  does  not  require  the  intro¬ 
duction  of  a  carrier.  The  duration  of  the  reaction  is  greatly  shortened  because  the  process  of  carboxylation  goes 


(1) 

(2) 

(3) 
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more  intensively.  By  appropriate  choice  of  tlie  reaction  temperature,  it  is  possible  to  obtain  salt  of  acid, 
ketone  or  alcohol  in  dependence  upon  the  experimental  conditions. 


In  connection  with  this  method  we  must  mention  that  the  possibility  of  using  organolithium  compounds 
for  preparation  of  carboxylic  acids  was  first  demonstrated  by  P.  P.  Shorygin[9].  The  latter  carboxylated 
cthyllithiiim  which  he  had  prepared  from  diethylmercnry  and  metallic  lithium. 

EXPERIMENTAL 

The  reaction  was  conducted  in  a  three-necked  pyrex  flask  of  500  ml  volume;  the  flask  was  fitted  with 
an  induction  stirrer,  a  condenser  and  a  tube  with  tap  for  introduction  of  gases. 

Synthesis  of  ethyllithium.  The  method  was  that  proposed  for  preparation  of  crystalline  organolithium 
compounds  [lOJ.  7  g  metallic  lithium  was  placed  in  the  reaction  flask  from  which  the  air  had  been  driven 
out  with  dry  nitrogen.  The  lithium  was  charged  in  with  a  small  quantity  of  pentene  (20-30  ml)  obtained  by 
dehydration  of  isoamyl  alcohol  over  china  clay  catalyst  (the  fraction  with  b.p.  28-36*  was  taken).  Ethyl 
bromide  (55  g)  was  mixed  with  180-200  ml  pentene  and  this  mixture  was  added  dropwise  from  a  funnel  to  the 
reaction  vessel  in  the  course  of  6  hours.  The  reaction  went  with  slight  development  of  heat  at  20-22*.  Its 
completion  could  be  judged  by  the  completeness  of  passage  of  the  metallic  lithium  into  the  greyish-violet 
precipitate  of  ethyllithium  which  is  insoluble  in  pentene. 

The  precipitate  of  ethyllithium  was  dissolved  in  200  ml  n-hexane  and  the  solution  filtered.  The  pen¬ 
tene  had  previously  been  distilled  off.  The  yield  was  determined  by  titration  of  the  lithium  hydroxide  with 
0. 1  N  HCl.  The  hydroxide  was  obtained  by  decomposition  with  water  of  definite  volume  of  the  solution  of 
ethyllithium  in  n-hexane  obtained  after  filtration.  Yield  of  ethyllithium 

Preparation  of  propionic  acid-l-C^.  Labeled  carbon  dioxide  was  bubbled  into  a  reaction  vessel  con¬ 
taining  6  g  ethyllithium  in  250  ml  n-hexane  at  a  pressure  of  200-300  mm.  A  system  of  bubblers  enabled  un¬ 
reacted  C**02  to  be  recirculated  to  the  reaction  mixture.  Carboxylation  was  effected  at  low  temperatures 
(of  the  order  of  -30  to  -70®).  This  method  of  carboxylation  was  very  much  more  effective  both  for  organo¬ 
lithium  and  organomagnesium  compounds.  The  rate  of  carboxylation  under  these  conditions  reached  400r500 
ml  COj/min.  (see  Table  1).  The  progress  of  carboxylation  was  easily  followed  from  the  formation  of  the 
n-hexane-insoluble  lithium  salt  of  propionic  acid.  The  salt  was  separated  from  the  n-hexane  on  a  glass  fil¬ 
ter  (No.  3),  The  white  precipitate  consisted  entirely  of  lithium  propionate  with  a  trace  of  lithium  hydroxide; 
the  latter  was  determined  by  titration  of  a  weighed  sample  of  the  salt  with  unlabeled  propionic  acid.  1. 18  g 
salt  contained  0.  006  g  lithium  hydroxide.  Yield  of  lithium  propionate  97-98*70. 


Carboxylation  of  Ethyllithium  with  Labeled  Carbon  Dioxide 


Amount  in 

solution 

C^Og  consumed  in 
carboxylation 

Rate  of 

carbox¬ 
ylation 
(ml/ min) 

Carbox¬ 

ylation 

temper¬ 

ature 

Propionic  acid  obtained 

Yield  of  acid 
(in  *7o) 

ethyl  - 
lithium 

(g) 

n-hex¬ 

ane 

(ml) 

g 

g 

c“o 

2  equivalent 

on 

weight 

on  to¬ 
tal  ac¬ 
tivity 
of  C^Oj 

specific  activity, 
imp/min  ,^5 

mmol 

total  activity, 

impulses,  r.T 

UltU 

specific  activity, 
imp/min  _s 

mmol 

total  activity, 
impulses  „7 

min 

3.3 

150 

4 

12 

10.9 

380 

1 

0 

• 

0.4 

12.0 

0.87 

6 

8  +  3 

3 

100 

3.65 

12 

10.0 

400 

-40 

1.6 

12.0 

2.9 

26 

29  +  3 

6 

250 

7.3 

12 

20.0 

350 

-60 

10.5 

12.0 

17.6 

86 

89  +  3 

8.5 

350 

10.3 

9.2 

21.6 

500 

-70 

16.4 

9.21 

21.0 

95 

97  +  3 

Pure  propionic  acid  was  prepared  by  dissolving  the  precipitate  of  lithium  propionate  on  a  glass  filter 
with  the  equivalent  amount  of  6  N  sulfuric  acid  at  room  temperature.  The  carboxyl -labeled  propionic  acid 
was  extracted  with  ethyl  ether  and  the  extract  dried  with  sodium  sulfate;  the  ether  was  driven  off  and  the 
residual  acid  fractionated  in  a  column.  Yield  95*70.  B.p.  141*;  np  1,3875.  Radiochemical  yield  96  +  3*7o. 


Radiochemical  Exam  i  n  a  t  i  o  n  of  the  Product 

Propionic  acid-l-C**  was  introduced  into  a  Geiger  counter  in  the  form  of  vapor  and  its  activity  deter¬ 
mined  directly.  The  components  of  the  mixture  in  the  counts  had  the  following  partial  pressures:  COf,  48 
mm;  ethyl  alcohol,  12  mm;  propionic  acid-l-C**,  2-4  mm:  the  working  voltage  of  the  counter  was  2000  V. 
The  measurement  error  was  10%. 

A  more  accurate  method  of  determination  of  the  activity  of  the  product  consists  in  microcombustion  of 
the  propionic  acid-l-C**  or  its  salt  [11]  to  followed  by  measurement  of  the  activity  of  the  carbon  di¬ 

oxide  in  the  Geiger  counter.  The  components  of  the  mixture  had  the  following  partial  pressures  in  the  coun¬ 
ter:  C**02,  48  mm;  C2H5OH,  12  mm;  the  working  voltage  of  the  counter  was  2000  V.  The  error  of  measure 
inent  was  0.5-1%, 

The  conditions  of  each  experiment  and  the  yields  (by  weight  and  radiochemically)  are  detailed  in  the 

table. 


SUMMARY 

1.  Carboxylation  of  ethyllithium  at  -70"  leads  to  formation  of  the  lithium  salt  of  propionic  acid  in  a 
yield  of  97-98%. 

2.  The  reaction  temperature  during  carboxylation  markedly  influences  the  yield  of  the  salt  of  the  acid. 

3.  Details  are  given  of  the  radiochemical  analysis  of  propionic  acid-l-C^;  the  specific  activity  of  the 
propionic  acid,  calculated  per  atom  of  C^,  agrees  with  the  specific  activity  of  the  original  C^02. 
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COMPOUNDS  LABELED  WITH  AND  N^® 

IV.  SYNTHESIS  OF  "KEY"  COMPOUNDS* 

V.I.  Maimind,  B.V.  Tokarev,  E.  Gomes,  R.  G.  Vdovina, 
K.M.  Ermolaev  and  M.M.  Shemyakin 


Notwithstanding  certain  statements  to  the  contrary  [2],  the  preparation  of  labeled  compounds  is  often 
associated  with  specific  difficulties.  In  many  cases,  for  example,  it  is  necessary  to  develop  new  methods  or 
to  modify  existing  methods  of  synthesis,  due  to  the  exceptional  value  and  high  cost  easily  accessible  com¬ 
pounds  like  ammonia  and  barium  carbonate  which  are  normally  very  cheap.  Additional  difficulties  arise  when 
it  is  necessary  to  work  with  very  small  amounts  of  substances  and  to  recover  the  labeled  compound  which  has 
not  entered  into  reaction  or  which  has  participated  in  secondary  reactions.  It  may  also  be  desired  to  recover 
the  labeled  substance  in  the  undiluted  state  and  in  a  form  convenient  for  later  utilization. 

Special  attention  must  be  given  to  the  preparation  of  key  substances  of  potential  value  as  starting  ma¬ 
terials  for  synthesis  of  a  wide  range  of  labeied  compounds.  For  instance,  with  labeled  potassium  phthalimide 
a  large  number  of  diverse  N^-containing  compounds  may  be  synthesized;  labeled  nitric  and  nitrous  acids  and 
their  salts  are  equally  useful.  On  the  other  hand  for  the  synthesis  of  many  types  of  C^-containing  compounds 
it  suffices  to  have  available  only  one  key  substance  —  labeled  hydrocyanic  acid. 

In  the  course  of  a  series  of  investigations  on  labeled  compounds,  we  have  recently  developed  methods 
of  micro  and  semimicro  synthesis  of  the  above-mentioned  key  substances  which  are  distinguished  by  simplicity 
of  procedure  and  apparatus,  by  a  small  number  of  steps,  by  high  yield,  and  by  the  purity  of  the  products  ob¬ 
tained. 

The  methods  of  synthesis  of  labeled  phthalimide,  potassium  phthalimide,  nitric  acid,  nitrates  and  ni¬ 
trites  were  carried  out  starting  from  10-150  mmol  N^Hs;  the  method  for  hydrocyanic  acid  can  start  from 
0.5-15  mmol  BaC^Os. 

We  prepared  phthalimide-N*®  in  nearly  quantitative  yield  and  in  the  substantially  pure  form  by  dehydra¬ 
tion  of  ammonium  acid  phthalate;  the  method  differs  from  that  previously  described  [3]  in  respect  to  the  pro¬ 
cedures  for  isolation  and  purification  of  phthalimide.  Potassium  phthalimide- N^  can  be  conveniently  prepared 
by  the  action  of  an  alcoholic  solution  of  potassium  ethoxide  (in  place  of  the  usually  recommended  aqueous 
alcoholic  solution  of  KOH)  on  a  solution  of  phthalimide  in  anhydrous  alcohol.  By  this  modification  the  yield 
of  potassium  phthalimide  was  raised  from  85r90yo[4]  to  98-99Vo,  and  the  product  was  absolutely  pure. 

The  important  key  substance  nitric  acid-N^  was  formerly  prepared  by  Clusius  et  al  [5,6]  by  oxidation  of 
MjO  (or  N2)  in  the  voltaic  arc  followed  by  the  action  of  oxygen  and  water  or  (KOH)  on  the  N2P4.  This  method 
is  unattractive,  however,  if  the  starting  compound  is  N^Hs.  In  the  search  for  a  simple  method  of  preparation 
of  labeled  nitric  acid  from  N^l^,  we  examined  the  possibility  of  direct  chemical  oxidation  of  N^®Hj  to  HN^Oj. 
As  we  know,  the  majority  of  oxidizing  agents  transform  ammonia  into  nitrogen  or  a  mixture  of  its  various  ox¬ 
ides  [7,8].  We  found,  however,  that  under  certain  conditions  KMnQ*  oxidizes  NH3  to  nitrate  in  high  yield. 

A  study  was  made  of  the  influence  of  various  factors  on  the  course  of  this  reaction;  temperature,  pressure,  time, 
concentration  and  amount  of  reactants;  also  the  effect  of  various  additives  —  HCOOH,  H2SO4,  MnOj  and  other 
substances.  The  investigations  revealed  the  possibility  of  realizing  a  simple  method  of  transformation  of  N^Hj 


*  For  communications  I-III  see  [1]. 


2187 


to  HN*^Q„  enabling  KN*®(>j  to  be  obtained  in  the  nitrite-free  form  in  consistently  high  yields  of  up  to  87-88'7o. 

Salts  of  nitrons  acid-N’^,  required  for  the  synthesis  of  N*’’-labeled  compounds,  may  be  prepared  by  re¬ 
duction  of  KN^^’Oj  with  lead  (yield  ()4-8h'#to  fO,  1 01)  or  with  sodium  sulfate  (yield  50-60^^pf  11]),  and  also  start¬ 
ing  from  labeled  Nj  via  N2O4,  NO  and  N^Oj  [  b,()|.  We  made  a  fresh  study  of  the  method  of  reduction  of  po¬ 
tassium  nitrate  and  sodium  nitrate  with  lead,  and  found  that  when  using  l.b  g-atoms  lead  per  mole  nitrate 
and  performing  the  reaction  at  390”  in  the  case  of  KNQ,  and  330"  in  that  of  NaNOj  in  vacuum  or  (better)  in  an 
atmosphere  of  dry  nitrogen,  the  yield  of  nitrate  rises  to  91 -OS'?'). 

Special  interest  is  attached  to  hydrocyanic  acid-C^  since  this  is  a  key  substance  widely  used  for  the  syn¬ 
thesis  of  a  wide  variety  of  compounds  labeled  with  C^.  From  1941  onwards,  the  literature  continuously  de¬ 
scribes  new  methods  for  its  preparation*  .  In  spite,  however,  of  the  very  large  number  of  papers  on  the  syn¬ 
thesis  of  HC^N  published  in  recent  years,  the  method  of  preparation  that  we  suggested  in  1951  [12]  has  not 
only  not  lost  its  value  but  is  still  the  most  successful.  This  method  has  been  tlie  subject  of  favorable  comment 
by  many  Russian  laboratories  and  by  foreign  authors  [13]. 

According  to  our  method,  which  has  been  further  studied  in  recent  times,  the  transformation  of  BaC^Qs 
into  HC’^N  is  realized  in  a  single  step  by  heating  the  carbonate  with  metallic  potassium  and  potassium  azide 
in  an  atmosphere  of  inert  gas.  At  350-400“  the  azide  breaks  down  to  nitride,  while  at  750-780“  cyanide  is 
formed.  The  yield  of  the  latter  exceeds  90%.  This  method  is  very  simple,  is  characterized  by  absolute  relia¬ 
bility  and  good  reproducibility,  and  is  suitable  for  preparation  of  both  small  and  large  quantities  of  HC^N.** 

The  Dutch  investigators  [13]  state  that  ammonium  chloride  may  be  used  in  place  of  potassium  azide. 

In  our  opinion,  however,  ammonium  salts  are  not  to  be  recommended  for  this  purpose  owing  to  their  volatility 
and  the  volatility  of  the  potassium  amide  formed  from  them.  This  necessitates  working  in  sealed  tubes  which 
complicates  the  method  and  lowers  its  reliability.  In  comparison  with  NaNs  and  some  other  azides,  KN3  has 
the  advantage  that  its  decomposition  can  be  conducted  with  any  desired  velocity,  since  the  temperature  of 
this  reaction  lies  above  the  melting  point  of  KN3.  Decomposition  of  pure  KN3,  however,  only  takes  place  at 
above  500“  and  goes  with  extreme  violence.  Addition  to  the  azide,  however,  of  a  small  amount  of  alkali  metal 
facilitates  the  start  of  decomposition  and  the  reaction  then  goes  smootlily  at  350-400“. 

We  used  BaC^^Os  as  the  source  of  C^,  but  potassium  or  sodium  carbonate  can  also  be  used  with  success. 

An  important  factor  making  possible  a  high  yield  of  cyanide  is  the  absence  of  harmful  impurities  (H2O, 

Oj,  CO2)  from  the  inert  gas  (N2,  H2,  etc. );  in  this  connection  it  must  be  noted  that  N2  substantially  does  not 
participate  in  the  reaction.  Another  important  factor  is  high  purity  of  the  potassium  azide:  traces  of  iron 
lead  to  formation  of  Prussian  blue,  while  potassium  carbonate  leads  to  dilution  of  the  substance;  sulfur-con¬ 
taining  impurities  are  converted  under  the  reaction  conditions  into  sulfides  which  interfere  with  the  argento- 
metric  determination  of  the  cyanide  yield.  In  order  to  avoid  dilution  of  the  active  substance,  it  is  necessary 
to  exclude  contact  of  metallic  potassium  with  the  carbon  dioxide  of  the  air  during  the  synthesis. 

Certain  difficulties  are  encountered  during  the  preparaticn  of  dry  cyanides  of  the  alkali  metals  from 
HC^N,  The  evaporation  of  aqueous  [14,  18-20]  or  methanol  [21]  solutions  of  the  cyanides,  recommended 
by  some  authors,  leads  to  serious  losses  of  HC^N.  The  best  results  are  obtained  by  neutralizing  HC^N  with 
potassium  or  sodium  ethoxide  in  anhydrous  alcohol,  since  cyanides  are  very  poorly  soluble  in  this  solvent. 

EXPERIMENTAL 

1.  Preparation  of  phthalimide-N^  and  potassium  phthalimide-N^^.  0. 1  mole  N^^HjNQs  in  the  form  of 
a  30-50%  solution  is  charged  into  a  three-necked  flask  fitted  with  a  Kjeldahl  attachment;  40  ml  water  and 
0.105  mole  chemically  pure,  finely  crystalline  phthalic  acid  (previously  recrystallized  from  acetic  acid  and 
then  from  water  containing  carbon)  are  placed  in  the  receiver.  A  weak  stream  of  nitrogen  is  passed  through 
the  system,  and  a  small  excess  of  40%  NaOH  solution  is  gradually  run  in  from  a  dropping  funnel.  The  N^l^ 
evolved  by  gentle  heating  is  completely  absorbed  by  the  suspension  of  phthalic  acid.  Heating  is  intensified 
towards  the  end  and  about  half  of  the  original  volume  of  water  is  driven  off  through  the  air  condenser;  at  the 
same  time  the  excess  of  phthalic  acid  and  the  ammonium  salt  formed  usually  dissolve.  Evolution  and  dis- 

•  For  a  critical  review  of  these  methods  see,  for  example,  papers  [12,13];  see  also  papers  [14-17]  not  included 
in  these  reviews. 

••  Another  previously  described  variant  of  our  method  [12]  consists  in  heating  the  previously  decomposed  potas¬ 
sium  azide  with  barium  carbonate;  we  did  not  pursue  the  study  of  this  variant  and  do  not  discuss  it  here. 
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tillation  of  the  ammonia  require  3-4  hours.  The  solution  is  transferred  to  a  300  ml  Kjeldahl  flask  of  heat- 
resistant  glass  which  is  connected  to  a  Il-sliapcd  attachment  (height  35-40  cm,  diameter  12-15  mm),  and  the 
water  is  slowly  driven  off  at  a  bath  temperature  (Wood’s  alloy)  of  about  140";  during  this  operation  the  flask 
is  not  more  than  one-quarter  immersed  in  the  bath.  After  removal  of  the  water,  the  temperature  of  the  bath 
Is  gradually  raised.  At  180-190“  the  residue  in  the  flask  crystallizes;  during  the  operation  a  small  amount  of 
substance  is  usually  thrown  against  the  walls  of  the  flask,  but  dehydration  commences  at  about  200“  and  the 
partly  condensing  water  washes  off  the  substance  adhering  to  the  walls.  At  290-300“  the  whole  of  the  phthal- 
imide  formed  has  sublimed  on  the  walls  and  in  the  neck  of  the  flask.  Dehydration  and  sublimation  require 
about  3  hours.  The  phthalimidc  is  transferred  to  a  small  mortar  (the  residue  in  the  flask  is  washed  out  with 
15-20  ml  water)  and  triturated  with  5%  sodium  carbonate  solution,  which  is  run  in  dropwise,  until  alkaline. 

The  precipitate  is  filtered,  washed  with  40  ml  water  and  dried  in  a  vacuum -desiccator.  Yield  98 -99‘7<' (about 
1%  is  contained  in  the  water  driven  off  during  the  reaction). 

50  ml  of  hot  2  N  solution  of  potassium  ethoxide  in  anhydrous  alcohol  is  added  with  shaking  to  a  hot 
solution  of  0.1  mole  phthalimide-N^®  in  350  ml  anhydrous  alcohol.  After  cooling,  the  precipitated  phthali- 
mide-N^®  is  filtered,  washed  with  anhydrous  alcohol  until  the  filtrate  no  longer  has  an  alkaline  reaction,  then 
washed  with  acetone  and  dried  in  a  vacuum-desiccator.  The  alcoholic  mother  liquor  may  be  used  many  times, 
thereby  increasing  the  yield  of  potassium  phthalimide-N^®  and  making  it  nearly  quantitative. 

2.  Preparation  of  HN^C)}  and  N^®-nitrates.  0.82  mole  KMn04  (chem.  pure)  and  0.15  mole  N^Hs  in 
750  ml  water  are  charged  into  an  autoclave;  the  mixture  is  heated  8  hours  at  170-180“  (the  excess  of  perman¬ 
ganate  decomposes  completely  toward  the  end  of  the  heating).  The  Mn02  is  collected  and  washed  with  water 
until  the  reaction  for  NO’3  is  negative.  The  filtrate  and  wash  liquors  are  combined*  ,  concentrated  in  vacuum 
to  a  volume  of  250-300  ml,  exactly  neutralized  with  20*70  H2SO4  and  then  evaporated  to  dryness  in  a  dish.  The 
mixture  of  salts  is  transferred  to  a  Wurtz  flask  (with  a  low  sealed-on  side-tube),  70  ml  H2SO4  (d  1.5)  is  added, 
and  the  nitric  acid  is  distilled  off  on  a  bath  of  Wood’s  metal  whose  temperature  is  gradually  raised  to  230“, 

The  distillate  is  diluted  with  water,  exactly  neutralized  with  a  solution  of  chemically  pure  caustic  alkali  and 
evaporated  to  dryness  on  a  water  bath.  Yield  82-84%  of  chemically  pure  nitrate. 

3.  Preparation  of  N^-nitrites  .  0.  01-0. 05  mole  finely  pulverized  KN^Os  or  NaN^®C^  is  thoroughly 
mixed  with  0.  015-0.  075  g-atom  lead  dust  and  the  mixture  is  put  into  a  pyrex  test  tube.  The  latter  is  im- 
mersed  in  a  bath  of  Wood’s  metal  so  that  the  level  of  the  mixture  is  6-10  rnm  lower  than  the  level  of  the  al¬ 
loy,  after  which  the  air  in  the  test  tube  is  purged  out  with  nitrogen.  The  bath  is  quickly  heated  to  200“  and 
then  brought  slowly  (after  15-20  min.)  to  the  required  temperature.  For  the  preparation  of  NaN^02  the  mix¬ 
ture  is  held  at  330“  for  2  hours,  and  for  that  of  KN^02  it  is  held  at  390“  for  1  hour.  After  cooling  of  the  re¬ 
action  mixture,  the  nitrite  is  extracted  with  20-50  ml  water,  and  the  solution  is  filtered  and  evaporated.** 

If  sodium  nitrite  free  from  nitrate  is  required,  the  residue  is  recrystallized  from  water,  while  the  mother  liquor 
is  evaporated  and  the  residual  substance  combined  with  the  next  portion  of  nitrate  to  be  reduced.  Due  to  the 
repeated  reduction  of  unreacted  nitrate,  the  nitrite  can  be  obtained  in  nearly  quantitative  yield. 

4.  Preparation  of  HC^N  and  KC^N.  The  reaction  is  carried  out  in  a  pyrex  test  tube  or  flask  closed 
with  a  stopper  through  which  pass  tubes  for  inflow  and  discharge  of  gas.  BaC^Os  and  KN3***  are  charged  into 
the  reaction  vessel  which  is  fixed  in  the  sloping  position;  the  air  is  then  driven  out  with  purified  and  dried 
nitrogen;  metallic  potassium  is  then  introduced;  the  surface  of  the  latter  is  previously  cleaned  carefully  un¬ 
der  a  layer  of  low -boiling  ligroine.  A  gentle  nitrogen  stream  is  passed  through  while  the  upper  part  of  the 
mixture  is  cautiously  heated  with  a  burner  until  the  potassium  melts;  the  latter  should  cover  nearly  the  whole 
surface  of  the  mixture;  the  temperature  is  then  raised  to  maintain  a  brisk  but  not  violent  decomposition  of 
the  azide  without  spattering  of  the  mixture.  When  decomposition  is  substantially  at  an  end  and  the  mass  has 
become  homogeneous,  the  vessel  is  transferred  to  a  furnace.  The  subsequent  conditions  of  operation  and  the 
ratios  of  components  are  given  in  the  table. 

At  the  conclusion  of  the  heating,  the  reaction  vessel  is  withdrawn  from  the  furnace  and  cooled,  in  a 
nitrogen  stream,  at  first  in  the  luminous  flame  of  a  burner  and  then  in  the  air;  it  is  then  closed  with  another 
stopper  to  which  is  attached  a  dropping  funnel  (in  addition  to  the  nitrogen  inlet  and  exit  tubes).  Water  is 

*  The  HNO3  content,  is  determined  in  an  aliquot  of  the  solution  with  nitron,  is  87-88%, 

**  The  yield  of  nitrite,  determined  by  titration  of  an  aliquot  of  filtrate  with  permanganate,  is  91-93%. 

***  Potassium  azide  can  be  prepared  by  the  method  described  in  [22],  but  a  Kjeldahl  apparatus  must  be  at¬ 
tached  for  distillation  of  HN3,  while  only  chemically  pure  KOH  must  be  used  for  neutralization;  the  KN3  solu¬ 
tion  obtained  must  be  filtered  and  evaporated  in  vacuum. 
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cautiously  Introduced  dropwisc  in  the  course  of  15-45  minutes  to  the  reaction  mass  which  is  externally  cooled  with 
water;  a  nitrogen  stream  is  passed  through  at  the  same  time.  The  resultant  alkaline  solution  of  KC**N  is  trans¬ 
ferred  to  a  flask  which  is  connected  to  a  distillation  apparatus  (see  drawing).  407o  H2SQ4  is  run  in  from  the  drop¬ 
ping  funnel;  the  solution  is  boiled  in  a  nitrogen  atmosphere  for  15-30  minutes  while  the  temperature  of  the  water 
circulating  in  the  reflux  condenser  is  mainuined  at  about  20*.  The  HC**N  that  distills  over  is  absorbed  by  2  N 
caustic  alkali  solution  used  in  10%  excess.  The  yield,  as  determined  by  titration,  is  94-96%;  in  a  blank  experi¬ 
ment  run  under  the  same  conditions,  4-6%  HCN  is  found. 


Amounts  of  components  in  s 

Duration 

Amount  of 

Amount  of 

BaC“Oi 

KNj 

K 

(in  min.) 

water  (ml) 

40%  H2SO4 
(ml) 

Reaction  vessel  and  type  of 
furnace 

0.1 

0.2 

1.0 

2-3 

3 

5 

Test  tube  200  x  20;  sloping 
tube  furnace 

0.2 

0.6 

1.0 

2-3 

3 

6 

Ditto 

0.4 

1.2 

1.2 

2-3 

5 

8 

Ditto 

0.6 

1.2 

1.5 

2-3 

8 

10 

10  ml  Kjeldahl  flask;  crucible 
furnace 

1.5 

3.0 

3.0 

8 

20 

30 

25  ml  Kjeldahl  flask;  crucible 
furnace 

3.0 

6.0 

6.0 

12 

25 

1 

60 

1 

50  ml  Kjeldahl  flask;  crucible 
furnace 

Notes:  1)  Furnace  temperature  780-810*.  2)  The  duration  of  heating  depended  to  a  considerable  extent  upon  the 
character  of  the  glass  from  which  the  reaction  vessel  was  constructed.  Thus,  if  the  glass  was  not  "pyrex"  but 
"mazda",  the  heating  had  to  be  prolonged  from  3  minutes  to  10  minutes. 


If  a  solid  cyanide  of  an  alkali  metal  is  requited,  the 
HC^N  evolved  is  passed  through  a  calcium  chloride  tube 
heated  by  a  water  jacket  (water  temperature  about  40").  The 
hydrocyanic  acid  is  absorbed  in  anhydrous  alcohol  cooled  to 
-25*  and  KC**N  is  then  precipitated  with  a  solution  of  C2H5OK 
in  anhydrous  alcohol.*  The  yield  of  KC^N  in  this  case  is 
80%  reckoned  on  the  BaC^O^;  the  preparation  contains  99- 
100%  KC^N.  The  HC^N  may  also  be  directly  absorbed  in 
the  calculated  amount  of  2  N  potassium  ethoxide  or  sodium 
ethoxide  in  anhydrous  alcohol  followed  by  three  times  the 
volume  of  absolute  ether.  The  yield  of  KC^N  is  85%  and  the 
preparation  contains  90%  cyanide. 

SUMMARY 

1.  Starting  from  N^Hs,  methods  are  developed  for  the 
synthesis  of  phthalimide-N^®  and  of  salts  of  HN^Qs  and  HN^®02. 

2,  A  one-step  method  of  synthesis  of  HC^N  and  its  salts 
from  BaC^Oj  is  developed. 
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ALIPHATIC- AROMATIC  AMINOALCOHOLS 
I.  SYNTHESIS  OF  a -(m-AMINOPHENYL)-e -ALKYLAMINOETHANCa.S 

S.I.  Sergievskaya  and  L.  E.  S ventsitskay a 


The  objective  of  the  present  work  was  the  synthesis  of  a -(m-aminophenyl)-6 -alkylaminoethanols  contain¬ 
ing  different  alkyl  radicals  in  the  aliphatic  amino  group:  m-H2NQHiCH(OH)CH2NHR.  These  compounds  have 
been  little  investigated,  although  they  are  of  undoubted  interest  from  the  pharmacological  aspect.  One  of  us  in 
collaboration  with  G.  A.  Ravdel  [1]  had  prepared  the  dihydrochloride  of  m-aminophenylmethylaminocthanol;  the 
literature  does  not  report  the  synthesis  of  any  other  m-aminophenylalkylaminoethanols.  In  the  present  work  we 
obtained  these  compounds  by  reacting  m-nitrobromoacetophenone  with  benzylalkylamines  and  reducing  the  re¬ 
sultant  m-nitro-(j-benzylalkylaminoacetophenones  to  m-aminophenylalkylaminoethanols. 

The  reaction  between  m-nitrobromoacetophenone  and  benzylalkylamines  was  conducted  in  a  medium  of 
anhydrous  benzene.  m-Nitro-w-benzylalkylaminoacetophenones  were  isolated  in  the  form  of  their  hydrochlorides. 

Apart  from  the  already  known  [1]  m-nitro-u-benzylmethylaminoacetophenone,  we  prepared  five  compounds 
of  analogous  structure  (Table  1)  which  had  not  previously  been  described.  According  to[l]  the  hydrogenation  of 
m-nitrobenzylmethylaminoacetophenone  in  presence  of  Raney  nickel  at  atmospheric  pressure  and  room  tempera¬ 
ture  leads  to  reduction  of  only  the  nitro  group,  while  hydrogenation  under  the  same  conditions  but  in  presence  of 
palladium  causes  the  reaction  to  go  right  through  to  the  formation  of  m-aminophenylmethylaminoethanol.  We 
decided  to  supplement  these  studies  by  hydrogenating  m-nitrobenzylmethylaminoacetophenone  in  presence  of 
Raney  nickel  at  higher  pressures  and  temperatures;  the  completeness  of  hydrogenation  was  judged  by  the  amount 
of  hydrogen  absorbed  and  by  the  absence  of  a  reaction  for  the  carbonyl  group  in  the  end  product  (reaction  with 
Fehling  solution). 

The  best  conditions  for  formation  of  m-aminophenylmethylaminoethanol  were  found  to  be  a  hydrogen  pres¬ 
sure  of  35  atm.  and  a  temperature  of  75“.  Three  substances  were  found  in  the  products  of  reactions  carried  out 
under  these  conditions:  benzylmethylamine,  m-aminophenylethanol  (m.p.  64-65*)  and  m-aminophenylmethyl- 
aminoethanol  (m.p.  84-85®).  Formation  of  these  substances  showed  that  hydrogenation  goes  in  two  directions  un¬ 
der  the  above  conditions: 


I  /CH3 

COCHaNC 

^CHaCeHg 


/S-NHo 


I  •+■  CeHsCHj 

CHOHCH2NHCH3 


/^-NHo 


\ 


I 

CHOHCH3 


x:h2C„H5 


On  the  basis  of  the  amount  of  benzylmethylamine  formed  (see  Experimental),  about  30%  of  the  amount  of 
m-nitrobenzylmethylaminoacetophenone  hydrochloride  taken  underwent  rupture  at  the  carbon -nitrogen  bond  in  the 
side  chain. 


Changes  in  the  conditions  of  hydrogenation  showed  that  increase  of  hydrogen  pressure  to  80  atm.  while  the 


TABLE  1 

m-Nitro-w-benzylalkylaminoacetophenones  of  the  general  formula  m-N02H4C0CH2N 


temperature  remained  unchanged  (75*),  has 
no  appreciable  influence  on  the  results  of  the 
reaction;  at  lower  pressures  (8  and  15  atm) 
and  the  same  temperature  (75*)  the  reaction 
goes  predominantly  in  the  direction  of  form¬ 
ation  of  benzylmethylamine  and  m-amino- 
phenylethanol;  hydrogenation  does  not  go  to 
completion,  however,  at  a  lower  temperature 
(5^)  and  a  hydrogenation  pressure  of  35  atm, 
and  the  end  product  contains  compounds  with 
a  carbonyl  group.  No  new  results  were  ob¬ 
tained  by  using  a  weaker  nickel  catalyst. 

m  -  Aminophenylmethylaminoethanol 
was  isolated  for  the  first  time  in  the  form  of 
the  base;  it  is  a  stable  and  nicely  crystallizing 
substance,  readily  soluble  in  water  and  distilr 
ling  in  vacuum  without  decomposition;  on 
the  other  hand  its  salts  with  inorganic  acids 
are  not  very  stable  and  are  hygroscopic,  as 
previously  pointed  out  [1],  The  elementary 
analysis  agreed  with  the  composition  of  this 
aminoalcohol;  in  addition  we  confirmed  its 
structure  by  a  number  of  reactions. 

These  reactions  included  treatment  with 
acetic  anhydride  which  gave  the  diacetyl  de¬ 
rivative  Cl^CONHCsHiCHCOCOCHjlCHzNHCH; 
this  substance  did  not  give  positive  reactions 
for  free  hydroxyl  and  aromatic  amino  groups. 
The  presence  of  both  an  amino  and  hydroxyl 
group  in  the  side  chain  was  proved  by  conden¬ 
sation  of  m -aminophenylmethylaminoethanol 
with  acetone  in  an  alkaline  medium*  which 
gave  2,  2,3-trimethyl-5-m-aminophenyltetta- 
hydrooxazole  (I).  Heating  of  this  compound 
with  hydrochloric  acid  converted  it  into  the 
original  aminoalcohol.  The  action  of  acetic 
anhydride,  however,  on  compound  (I)  gave 
the  diacetyl  derivative  of  m-aminophenyl- 
methylaminoethanol.  These  reactions  con¬ 
firmed  the  structure  of  2, 2,3-trimethyl-5-m- 
aminophenyltetrahydrooxazole. 

In  view  of  the  fact 
that  hydrogenation  of  m- 
nitrobenzylmethylamino- 
acetophenone  in  presence 
of  Raney  nickel  did  not 
lead  to  a  good  yield  of 
m-aminophenylmethyl- 
aminoethanol,  we  reverted  to  the  former  method 
of  hydrogenation  in  presence  of  palladium,  but 

*  Formation  of  derivatives  of  tetrahydrooxazole 
by  reaction  of  aliphatic  aminoalcohols  with 
ketones  and  aldehydes  in  an  alkaline  medium 
is  described  in  the  literature  [2\, 
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in  the  light  of  new  data  for  tlie  properties  of  m-aininophenylniethylaminoethanol  we  changed  the  methods  of 
separation  and  ptirification  of  the  compound.  By  these  modifications  we  obtained  m-aminophenylmethyl- 
aminoethanol  in  a  yield  of  86. 27o. 

For  the  preparation  of  other  m-aminophcnylalkylaminoethanols  (Table  2)  we  used  the  same  method  of 
hydrogenation  of  the  respective  m-nitrobcnzylalkylaminoacetophenoncs  in  presence  of  palladium.  The 
method  of  isolation  and  purification  of  these  compounds,  however,  was  modified  in  accordance  with  the  pro¬ 
perties  of  the  aminoalcohols  formed.  The  lowest  members  of  this  series  with  alkyl  groups  €2115  and  iso-QHj, 
similar  in  physico-chemical  properties  to  m-aminophcnylmethylaminoethanol,  were  prepared  in  the  form  of 
bases  and  diacetyl  derivatives.  The  bases  were  isolated  by  the  action  of  gaseous  ammonia  on  alcoholic  solu¬ 
tions  of  the  dihydrochlorides,  and  were  purified  by  distillation  in  vacuum, 

Aminoalcohols  with  the  radicals  C4H9  and  C5HU  are  sparingly  soluble  in  water  and  form  readily  crystal¬ 
lizing  dihydrochlorides;  after  hydrogenation,  their  dihydrochlorides  were  therefore  first:  separated,  and  later 
the  aqueous  solutions  of  the  latter  were  treated  with  25‘7o  aqueous  ammonia.  In  properties,  m-aminophenyl- 
propylaminoethanol  occupies  a  position  intermediate  between  the  above-mentioned  lower  and  higher  homo- 
logs;  it  can  therefore  be  isolated  in  the  form  of  the  dihydrochloride.  Separation  of  this  aminoalcohol  from 
its  dihydrochloride  can  be  effected  either  in  Alcoholic  solution  with  gaseous  ammonia  or  in  aqueous  solution 
with  the  help  of  aqueous  ammonia;  a  higher  yield  is  obtained,  however,  in  the  former  case. 

EXPERIMENTAL 

The  starting  substances  —  m-hitroacetophenone  and  m-nitro-oj-bromoacetophenone—  were  prepared  by 
the  literature  methods  [3], 

Hydrochloride  of  m-nitro-cci-benzylmethylaminoacetophenone.  We  considerably  simplified  the  existing 
method  [1]  of  preparation  in  respect  to  isolation  and  purification  of  the  product.  To  a  suspension  of  30.5  g 
m-nitrobromoacetophenone  in  150  ml  anhydrous  benzene  at  15-18“  was  added  dropwise  a  solution  of  30.25  g 
benzylmethylamine  in  30  ml  anhydrous  benzene.  After  stirring  for  2  hours,  200  ml  ether  was  added  and  the 
benzylmethylamine  hydrobromide  was  filtered  off  (yield  24, 1  g;  95,5%),  An  ethereal  solution  of  hydrogen 
chloride  was  added  to  the  filtrate  until  the  reaction  was  acidic  toCongo,  and  the  m-nitro-cj-benzylmethyl- 
aminoacetophenone  hydrochloride  was  washed  with  acetone.  Yield  40,1  g(94. 57o)  with  m,p.  173-174“  (with 
decomp. ). 

Hydrochloride  of  m-nitro-cj-benzylethylaminoacetophenone.  To  a  solution  of  25  g  m-nitro-cu-bromo- 
acetophenone  in  150  ml  anhydrous  benzene  was  added  27,64  g  benzylethylamine  in  25  ml  anhydrous  benzene 
at  6-8*;  after  the  addition,  stirring  was  continued  for  another  4  hours  at  the  same  temperature.  The  precip¬ 
itate  of  benzylethylamine  hydrobromide  was  filtered  off;  yield  20.5  g(91.4%).  The  benzene  in  the  filtrate 
was  removed  in  vacuum  and  the  residual  reddish  oil  dissolved  in  anhydrous  ether  (ether  was  run  in  until  the 
turbidity  disappeared).  The  ethereal  solution  was  filtered  and  to  the  filtrate  was  added  an  ethereal  solution  of 
hydrogen  chloride  until  acid  toCongo.  The  substance  was  filtered  and  washed  with  a  little  water  and  then 
with  chloroform.  Yield  18.5  g  (54%)  substance  with  m.p.  154-154,5"  (with  decomp, )  after  recrystallization 
from  alcohol.  The  hydrochloride  of  m-nitro-w-benzylethylaminoacetophenone  is  easily  soluble  in  methyl 
and  ethyl  alcohols,  poorly  soluble  in  acetone,  water  and  chlcaroform,  insoluble  in  benzene. 

Found  %;  C  61.14;  H  5,67;  N8.39.  CiyHigNaPj.*  HQ.  Calculated  %:  C  60.98;  H  5.72;  N8.37. 

The  remaining  hydrochlorides  of  m-nitrobenzylalkylaminoacetophenones  were  prepared  by  the  same 
method  as  described  for  m-nitro-benzylethylaminoacetophenone.  The  data  for  these  compounds  are  presented 
in  Table  1, 

Hydrogenation  of  the  hydrochloride  of  m-nitro-a;-benzylmethylaminoacetophenone  in  presence  of  skel¬ 
etal  nickel  catalyst.  A  solution  of  32  g  of  the  hydrochloride  of  m-nitro-tu-benzylmethylaminoacetophenone 
in  400  ml  methyl  alcohol  and  10  g  skeletal  nickel  catalyst  were  placed  in  a  rotating  autoclave,  hydrogen 
was  pressed  in  to  a  pressure  of  35  atm.  and  hydrogenation  was  carried  out  at  76",  In  the  course  of  two  hours 
the  pressure  in  the  autoclave  fell  to  10  atm. ,  after  which  the  absorption  of  hydrogen  ceased.  The  catalyst 
was  separated  from  the  reaction  mass  and  the  filtrate  was  acidified  with  an  alcoholic  solution  of  hydrogen 
chloride  until  acid  to  Congo;  the  methanol  was  driven  off  in  vacuum  on  a  water  bath;  traces  of  moisture  in 
the  residual  oil  were  removed  by  three  additions  of  anhydrous  ethanol  followed  by  distillation.  A  qualitative 
test  with  Fehling  solution  showed  the  absence  of  a  carbonyl  group  from  the  product. 
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TABLE 


(CH2)4CH3  .  .  .  6.6  1.5  66  2.32  Ditto  74.2  87—88 

(22°,  749  mm)  (not  puri¬ 

fied) 


The  product  was  dissolved  in  anhydrous  ethanol,  a  stream  of  gaseous  ammonia  was  passed  through  the  solu¬ 
tion,  and  after  addition  of  ether  to  complete  the  precipitation  of  ammonium  chloride,  the  solution  was  filtered. 

The  ether  and  alcohol  were  driven  off  from  the  filtrate  and  the  residue  vacuum -distilled.  The  first  fraction  with 
b.  p.  70-75"  at  7  mm  was  dissolved  in  ether  and  the  hydrochloride  was  separated  by  the  action  of  an  ethereal 
solution  of  hydrogen  chloride.  Nine  grams  colorless  crystals  was  obtained;  m.  p.  177-178*  after  recrystallization 
from  a  mixture  of  alcohol  and  acetone;  no  depression  of  melting  point  in  admixture  with  a  specimen  of  the 
hycrochloride  of  benzylmethylamine.  The  oil  remaining  after  distillation  of  the  first  fraction  and  weighing  13.3  g 
was  distilled  in  a  vacuum  of  0.5  mm.  6.2  g  colorless  oil  came  over  at  115-155*  and  trituration  with  ether  led  to 
separation  of  a  solid  product  with  a  wide  melting  range.  Fractional  crystallization  from  ether  gave  two  substances. 
One  was  a-(m-aminophenyl)- 0 -methylaminoethanol  (2.3  g),  colorless  crystals  with  m.  p.  84-85*,  readily  soluble 
in  water,  ethanol,  methanol  and  acetone,  insoluble  in  benzene. 

Found  <7o:  C  65.20;  H  8.46;  N  16.86.  CsH^NjO.  Calculated  «7(,:  C  65.03;  H  8.48;  N  16.84. 

The  second  substance  (1.5  g)  with  m.  p.  68-69*  was  a-(m-aminophenyl)-ethanol.  • 

Found  C  70.25;  H  8.01;  N  10.42.  CjHjiNO.  Calculated  ojoi  C  70.04;  H  8.08;  N  10.21. 

Hydrogenation  of  m-nitro-cj-benzylmethylaminoacetophenone  hydrochloride  in  presence  of  palladium 
black;  a-(m-aminophenyl)-  0 -methylaminoethanol.  14  g  of  the  hydrochloride  of  m-nitro-tj-benzylmethyl- 
aminoacetophenone,  100  ml  ethyl  alcohol  and  a  solution  of  1.4  g  palladium  chloride  in  5  ml  water  and  1.4  ml 
concentrated  hydrochloric  acid  were  placed  in  a  hydrogenation  bottle.  While  shaking  in  a  hydrogen  atmosphere 
at  30-35*  for  1  hour,  5.5  liters  hydrogen  (17*,  755  mm)  was  absorbed.  After  separation  of  the  catalyst  and  distill¬ 
ation  of  the  solvents,  the  residual  oil  was  dissolved  in  anhydrous  ethanol  and  the  base  was  brought  down  by  passage 
of  gaseous  ammonia.  Dry  ether  was  added  to  the  solution  of  the  base  to  completely  bring  down  the  ammonium 
chloride;  the  liquid  was  filtered  off  and  the  ether  and  alcohol  were  driven  off  in  vacuum.  A  small  quantity  of 
dry  ether  was  added  to  the  residue  which  was  seeded  with  a  few  crystals  of  a-(m-aminophenyl)-  0  -methylamino¬ 
ethanol.  The  substance  crystallized;  yield  6.0  g  (82.6%)  yellowish  crystals  with  m.  p.  83-84*;  after  recrystalliza¬ 
tion  from  anhydrous  ethanol  the  m.  p.  was  84-85®. 

The  diacetyl  derivative  CH3CONHC6H^CH(OCOCH3)CH;NHCH3  .  Acetic  anhydride  was  added  dropwise  to 
0.3  g  a-(m-aminophenyl)-  0  -methylaminoethanol.  The  resultant  oil  was  triturated  with  ether  to  give  0.35  g 
(77.8%)  colorless  crystals  with  poor  solubility  in  alcohol  and  melting  at  152-153*.  After  recrystallization  from 
ethyl  alcohol  the  m.  p.  rose  to  152.5-153.5°.  The  compound  does  not  reduce  Nessler  reagent  and  gives  a  negative 
reaction  for  the  primary  aromatic  group. 

Found  %-.  C  62.67;  H  7.22;  N  11.13.  CigHigNjOj.  Calculated  %-.  C  62.38;  H  7.25;  N  11.19. 

2,2,3-Trimethyl-5-m- aminophenyltetrahydrooxazole  (1).  4.7  g  a-(m-aminophenyl)-0 -methylamino¬ 

ethanol  was  dissolved  in  anhydrous  ether  and  an  ethereal  solution  of  hydrogen  chloride  was  added  until  the  reac  - 
tion  was  acidic  to  Congo;  the  ether  was  poured  off  from  the  resultant  oil,  the  latter  was  dissolved  in  5  ml  anhydrous 
ethyl  alcohol,  and  25  ml  dry  acetone  was  added  to  the  solution.  Shaking  with  excess  potassium  hydroxide  resulted 
in  considerable  heat  development  and  the  acetone -insoluble  oil  (the  dihydrochloride  of  the  aminoethanol)  dissolved 
completely.  The  solution  was  filtered,  the  acetone  and  alcohol  were  driven  off  from  the  filtrate,  and  the  residue 
distilled  in  vacuum.  4.3  g  (7A.2%)  colorless  oil  came  over  at  127-140*  and  0.5  mm  and  soon  crystallized.  The 
melting  point  of  the  crystals  was  83-90*  after  washing  with  ether,  and  95.5-96.5*  after  recrystallization  from  ethyl 
alcohol.  2,2,3-Trimethyl-5-m-aminophenyltetrahydrooxazole  is  readily  soluble  in  ethyl  alcohol  and  acetone,  very 
poorly  soluble  in  water  and  ether. 

Found  %:  C  69.79;  H  8.71;  N  13.45.  CuHjgNgO.  Calculated  %:  C  69.86;  H  8.78;  N  13.58. 

Treatment  of  0.3  g  2,2,3 -trimethyl -5 -m -aminophenyltetrahydrooxazole  with  acetic  anhydride  followed  by 
trituration  of  the  resultant  oil  with  ether  gave  0.3  g  (82.Af>]o)  colorless  crystals  with  m.  p.  151-152*.  After  recryst¬ 
allization  from  ethyl  alcohol  the  m.  p.  was  152.5-153.5°.  A  mixed  test  of  the  compound  with  the  diacetyl  deri¬ 
vative  of  a-(m-aminophenyl)- 0 -methylaminoethanol  did  not  give  a  depression  of  melting  point. 

Two  grams  2,2,3 -trimethyl -5 -m -aminophenyltetrahydrooxazole  was  heated  for  3  hours  with  40  ml  16% 
solution  of  hydrogen  chloride  in  ethyl  alcohol;  one  half  of  the  ethyl  alcohol  was  distilled  off  and  gaseous  ammonia 
was  passed  through  the  residual  alcoholic  solution,  followed  by  addition  of  60  ml  dry  ether;  the  ammonium  chloride 


The  literature  reports  m.  p.  68-69°. 


was  filtered  off.  The  ether  and  alcohol  were  driven  off  from  the  filtrate  and  the  residual  oil  was  triturated  wlih 
a  little  dry  etlier  and  a  few  crystals  of  a-(m-aminophenyl)- 0 -methylaminoethanol.  The  resultant  colorless 
crystals  melted  at  83-84*.  No  depression  was  observed  in  a  mixed  test  with  a-(m-aminophenyl)-S -methylamino- 
ethanol  obtained  by  another  route.  The  yield  of  a-(m-aminophenyl)- 6  "iTiethylaminoethanol  was  1.2  g  (75.1%). 

a-(m-Aminophenyl)-  fl  -(n-butyl)-amlnoethanol.  1.2  g  palladium  chloride  in  5  ml  water  and  1.5  ml 
hydrochloric  acid  were  added  to  a  solution  of  12  g  of  the  hydrochloride  of  m-nitro- ti;-benzyl-(n-butyl)-amino- 
acetophenone  in  80  ml  ethyl  alcohol;  hydrogenation  was  effected  at  30-35*;  after  2  hours,  4.3  liters  hydrogen 
(24*.  760  mm)  had  been  absorbed;  the  theoretical  amount  of  hydrogen  under  these  conditions  Is  4.45  liters.  The 
catalyst  was  separated  from  the  reaction  mass  and  the  alcohol,  water  and  toluene  were  distilled  off;  colorless 
crystals  came  down  and  after  washing  with  alcohol  had  m.  p.  208-210*  (with  decomp.).  A  test  with  Fehling 
solution  showed  the  absence  of  a  carbonyl  group.  The  product  had  m.  p.  212-218*  (with  decomp.)  after  recrystall- 
Ization  from  a  mixture  of  alcohol  and  ether.  The  dihydrochloride  of  a-(m-amInophenyl)-  8  •^n-butyl)-amino- 
ethanol  forms  colorless  crystals,  rapidly  turning  pink  in  the  air,  readily  soluble  in  water,  less  soluble  in  ethyl 
alcohol,  insoluble  in  acetone,  ether  and  benzene. 

Found  %:  N  9.95;  Cl  25.39.  CjjHjoNjO  *  2HC1.  Calculated  %:  N  9.96;  Cl  25.22. 

The  dihydrochloride  of  a-(m-aminophenyl)-  0 -(n-butyl)-aminoethanol  was  dissolved  in  5  ml  water  and 
a  25%  ammonia  solution  was  added  to  it  until  strongly  alkaline;  the  resultant  yellow  oil  was  extracted  with  ether. 
The  extract  was  dried  with  sodium  sulfate,  and  part  of  the  ether  was  then  driven  off.  Crystallization  from  ether 
gave  3.4  g  substance  with  m.  p.  78,5-79.5*.  A  further  0.9  g  substance  with  m.  p.  77-78*  was  recovered  from  the 
mother  liquor.  Total  yield  62.41%.  After  recrystallizatlon  from  acetone  the  m.  p.  was  79.5-80*.  a-(m-Amino- 
phenyl)- 0 -(n-butyl)-aminoethanol  forms  colorless  crystals,  readily  soluble  in  alcohol,  poorly  soluble  in  acetone 
and  ether,  insoluble  in  water  and  benzene. 

Found  %;  C  69.24;  H  9,66;  N  13.53.  CuHzoNjO.  Calculated  %;  C  69.19;  H  9.68;  N  13,45. 

m-Aminophenylalkylaminoethanols  in  which  the  alkyl  group  was  CjHs  or  IS0-C3H7  and  their  diacetyl  deri¬ 
vatives  were  prepared  by  the  method  described  for  m-aminophenylmethylaminoethanol  and  its  diacetyl  derivative, 
m-Aminophenylalkylaminoethanols  in  which  the  alkyl  Is  n-CsHy,  n-C4H9  and  n-CsHji  and  their  dihydrochlorides 
were  prepared  by  exactly  the  same  method  as  for  m-aminophenylbutylaminoethanol  and  its  dihydrochloride. 

Some  data  for  m-aminophenylalkylaminoethanols  and  their  derivatives  are  presented  in  Tables  2,  3  and  4. 

TABLE  3 

Diacetyl  Derivatives  of  m-Aminophenylalkylaminoethanols  of  the  General  Formula 

m  -  CH3C0NHC6H4CH(  OCOCH3  )CH2NHR 


R 

Yield 

(‘^o) 

Melting 

point 

Results  of  a 

nalysis  (%) 

1  found  1 

calculated 

c 

H 

N 

c  I 

H 

N 

CH3  .  • . 

77.8 

152.5—153.5° 

62.67 

7.22 

11.13 

62.38 

7.25 

11.19 

CHjCHg . 

95.9 

133—133.5 

63.54 

7.52 

10.54 

63.61 

7.63 

10.60 

CH(CH,)2 . 

83.8 

1 

136—136.5 

64.84 

1 

7.84 

10.06 

64.72 

1 

7.96 

10.06 
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TABLE  4 

DIhydrochlorldes  of  m-Amlnojrfienylalkylaminoethanols  of  the  General 
Formula  m-NHjC8H4CHOHCH2NHR*  2HC1 


Results  of  analysis  (io) 

Melting 

found 

calculated 

R 

point 

c 

H 

N 

c 

H 

N 

(CHaJaCHa . 

203-204° 
with  decon^i, 

49.58 

7.53 

10.51 

49.44 

7.54 

10.48 

(CHaJiiCHa . 

212-213 
with  decomp 

— 

— 

9.95 

— 

9.% 

(CH,)4CHt . 

227—228 
with  decomp 

52.78 

7.96 

9.50 

52.88 

8.19 

9.49 

SUMMARY 

1.  m-Nitro-w-benzylalkylaminoacetophenones  containing  the  radicals  C2H5.  n-CsH7,  iso-CsHy,  n-C4H9 
and  n-CsHii  were  prepared.  These  are  not  described  in  the  literature. 

2.  The  hydrogenation  of  m-nitro-w-benzylmethylaminoacetophenone  at  high  pressure  and  elevated  tem¬ 
perature  in  presence  of  Raney  nickei  was  investigated, 

3.  m-Aminophenylmethylaminoethanol  was  condensed  with  acetone  in  an  alkaline  medium  to  give  2, 2,3- 
trimethyl -5 -m-aminophenyltetrahydrooxazole. 

4.  ot-(m-Aminophenyl)-  B  -alkylaminoethanols  (not  previously  described)  and  some  of  their  derivatives 
were  prepared. 
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i;i  \  (,l' HMI:.  or  l(  .  DU'A INF  1)  F  K  I  V  A  F  (  V  F  S 
VT.  i  llF  ACI  ION  or  AI.K  lI,  IIAFIDFS  ON  ACFTONF  A/TMF 

A.  N.  Kost,  (;.  A.  Cioliibeva  and  I.  I.  Ciraiidber}’ 


In  1F09  FranUe  fll  reacted  isobiityraldehydc  azine  with  ethyl  iodide  and  obtained  a  compound  whose  com¬ 
position  be  failed  to  elucidate.  Thiele  [2]  later  found  that  dimetl)yl  sulfate  smoothly  adds  on  to  benzaldehyde 
azine  to  give  a  product  from  which  methylhydrazine  was  formed  on  hydrolysis.  This  reaction  does  not  go, 
however,  even  with  diethyl  sulfate.  Thiele  also  reacted  acetone  azine  with  ethyl  iodide  and  obtained  a  mix¬ 
ture  of  substances  which  were  not  closely  investigated. 

In  an  investigation  of  the  products  of  reaction  of  acetone  azine  with  benzyl  chloride,  we  isolated  a  sub¬ 
stance  which  was  Identified  as  the  hydrochloride  of  3,5,5 -trimethylpyrazoline  (crystallizing  from  the  reaction 
mass):  hydrolysis,  alkalization  and  distillation  of  the  residual  products  gave  the  free  3,5,5-trimethylpyrazoline 
(I)  and  3,5,5-trimethyl-l-benzylpyrazoline  (II).  3,5,b-TrimethylpyrazoIine  (I)  proved  to  be  identical  with  the 
substance  obtained  by  N.  M.  Kizhner  [3]  by  the  action  of  hydrazine  on  mesityl  oxide,  as  was  confirmed  by  a 
mixed  melting  point  test  of  the  hydrochlorides  and  picrates.  Treatment  of  the  authentic  pyrazoline  (I)  with  ben¬ 
zyl  chloride  gave  the  pyrazoline  (II)  which  was  identical  with  that  obtained  by  rearrangement. 


CH3-C-CH3 

II 

N 


yCH: 


3  C.HsCHjCI  / 

\ 

.1 


CH3--_ 

/  N  l/CH,., 

'^N^''CH3 

(I)  H 

\  |C,H,CH:CI 

\  CHs  |- 
N 


,CH3 


(11) 


CHaCoHs 


CH;,— C — CH 

II 

O 


'CH3 

CHs 


Methyl  iodide  (likewise  dimethyl  sulfate)  undergoes  an  intensely  exothermic  reaction  with  acetone  azine. 
Other  alkyl  halides  react  slowly  at  room  temperature,  but  the  reaction  goes  in  1-2  hours  on  heating  (50-80®). 
The  reaction  goes  more  slowly  with  alkyl  iodides  than  with  the  corresponding  bromides. 

It  may  be  suggested  that  the  alkyl  halide  hydrolyzes  in  presence  of  traces  of  moisture  to  form  hydrogen 
halide,  and  the  latter  promotes  cyclization  of  the  azine.  We  previously  described  some  cases  of  this  reaction 
in  presence  of  oxalic  or  formic  acid  [4],  It  was  found  that  the  hydrochloride  of  pyrazoline  (I)  actually  promotes 
cyclization  of  the  azine  but  only  after  prolonged  heating.  With  alkyl  halides,  however,  cyclization  of  the  azine 
goes  both  in  an  aqueous  medium  and  in  the  absence  of  moisture,  and  in  some  cases  with  spontaneous  heating. 

At  first  the  alkyl  halide  apparently  adds  on  to  acetone  azine  (as  in  the  case  with  benzaldehyde  azine)  and  then, 
due  to  shifting  of  the  electronic  density,  the  mobility  of  the  a-hydrogen  atom  is  increased,  thus  facilitating 
formation  of  the  cyclic  system. 
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The  rcsiiltnnt  salt  of  N-alkylpyrazoline  effects  further  isomerization  of  the  azine,  and  the  free  non-alkyl- 
ated  base  (I)  is  formed.  With  rise  of  temperature,  alkylation  of  the  already  formed  pyrazoline  (I)  is  observed. 

EXPERIMENTAL 

3,5,5 -Trimethylpyrazoline  (I)  was  prepared  by  cautious  mixing  of  133  g  mesityl  oxide  with  70  g  hydrazine 
hydrate  [3],  Treatment  with  solid  alkali,  extraction  with  ether,  drying  with  alkali  and  two  distillations  gave 
126  g  (82t7o)  3,5,5 -trimethylpyrazoline  with  b.  p.  62*  (21  mm),  nfj  1.4573.  Picrate,  m.  p.  137.5“  (from  alcohol); 
hydrochloride,  m.  p,  171“  (from  alcohol).  Literature  data:  b.  p.  63-64“  (23  mm)  [5];  66-69’ (20  mm)  [6],  n^ 
1.4515  [7],  1.4566  [3);  picrate,  m.  p.  138“  [7];  hydrochloride,  m.  p.  170“  [6],  176“  [5]. 

The  same  pyrazoline  [b.  p.  62-64“  (22  mm),  np  1.4563,  hydrochloride  with  m.  p.  171-172“  (from  alcohol) 
does  not  give  a  depression  in  admixture  with  the  preceding  product]  is  obtained  by  heating  acetone  azine  and  0.7  g 
of  the  hydrochloride  of  pyrazoline  (I)  for  2  hours  on  a  water  bath.  Hydrolysis  of  the  reaction  mass  by  boiling  with 
150  ml  2  N  hydrochloric  acid  (under  these  conditions  the  azine  is  quantitatively  cleaved),  evaporation  to  half 
the  volume  (for  removal  of  the  acetone  formed  and  of  the  products  of  its  autoxidation),  alkalization,  extraction 
with  ether  and  distillation  gave  5.5  g  (49<7o)  of  the  pyrazoline  (I), 

Reaction  of  14.2  g  methyl  iodide  with  11.2  g  pyrazoline  (I)  (spontaneous  heating,  then  24  hours  at  room 
temperature)  gave  a  crystalline  mass  of  the  hydroiodide  of  1,3,5,5-tetramethylpyrazoline  (III).  After  four  re- 
crystallizations  from  alcohol  the  yield  was  53%,  m.  p.  154°,  in  agreement  with  the  literature  [7]. 

Similarly,  reaction  of  11.2  g  pyrazoline  (I)  with  12.6  g  benzyl  chloride,  followed  by  decomposition  with 
alkali  and  distillation,  gave  2.8  g  original  pyrazoline  (I)  and  6  g  (30%)  l-benzyl-3,5,5-trimethylpyrazoline  (II) 
with  b.  p.  168-171’ (52  mm),  ng  1.5294,  df  0.9922,  MRp  62.92,  calc.  62.68. 

Found  %:  N  13.98,  14.08.  CijHigNz.  Calculated  %:  N  13.85. 

Hydrochloride,  m.  p.  153.5-154.5“  (from  alcohol);  picrate,  m.  p.  178,5“  (from  alcohol). 

Found  %;  C  53.09,  53.17;  H  5.17,  5.17.  CjsHzzOjNs,  Calculated  %:  C  53.08;  H  5.12. 

Action  of  alkyl  halides  on  acetone  azine.  To  11.2  g  twice -distilled  (in  vacuum)  acetone  azine  [4]  was 
gradually  added  an  equimolar  amount  of  freshly  distilled  alkyl  halide.  The  mixture  was  then  heated  on  a  water 
bath  for  1-2  hours  in  a  sealed  ampoule  or  under  a  reflux  condenser  fitted  with  a  calcuim  chloride  tube.  The 
precipitate  of  hydrochloride  of  pyrazoline  (I)  was  separated,  washed  with  ether  and  recrystallized  from  alcohol. 

The  residual  reaction  mass  was  hydrolyzed  by  boiling  for  2-3  hours  with  100-150  ml  2  N  hydrochloric  acid  [In 
order  to  decompose  the  unreacted  azine  whose  boiling  point  is  close  to  that  of  pyrazoline  (I)],  making  strongly 
alkaline  and  extracting  with  etliet.  The  ethereal  extracts  were  dried  with  potassium  carbonate;  the  ether  was 
driven  off,  and  the  residue  fractionated  several  times  in  vacuum. 

In  this  manner  22.4  g  azine  and  27.5  g  butyl  bromide  (46  hours  in  ampoule,  90-100“)  gave  traces  of  pyra¬ 
zoline  (I)  and  13  g  (38.7%)  3,5,5 -trimethyl -1-butylpyrazoline  with  b.  p.  70“  (6  mm),  n^  1.4551,  d^®  0.8664, 

M%)  52.60;  calc.  52.43. 

Found  %:  C  71.46,  71.51.  H  11.83,  11.85.  CjoHjoNz.  Calculated  %:  C  71,37;  H  11.98. 

Picrate,  m.  p.  118-120“  (after  three  recrystallizations  from  alcohol). 

Found  %:  N  17.34,  17.52.  CisH^gOyNs.  Calculated  %;  N  17.66. 
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11.2  g  acetone  azine  and  12.1  g  allyl  bromide  were  reacted  1*2  hours  at  room  temperature  to  give  a 
precipitate  of  5.2  g  of  the  hydrobromide  of  pyrazoline  (I)  with  m.  p.  170*  (after  two  recrystallizations  from  alcohol). 
(Literature  data:  m.  p.  170*  [8]).  The  residual  mass  was  heated  1  hour  on  a  water  bath  and  after  the  usual  treat¬ 
ment  gave  2  g  pyrazoline  (I)  with  b.  p.65-69*(19  mm),  n^  1.4571;  picrate,  m.  p.  134.5*.  Total  yield  46% 
(including  the  previously  isolated  hydrobromide).  In  addition  2.8  g  (18%)of  3,5,5-trimethyl-l-allylpyrazoline 
was  obtained;  b.  p.  77-80*  (19  mm),  np  1.4676,  dj®  0.8957,  MRp  47.20  (calc.  46.93).  Picrate,  m.  p.  86-87* 

(after  three  recrystallizations  from  alcohol). 

Found  %:  N  18.24,  18.34.  CjsHijOtNs.  Calculated  %:  N  18.27. 

In  a  similar  experiment  with  allyl  chloride,  1  g  of  the  hydrochloride  of  pyrazoline  (I)  was  isolated  [m.  p. 
171-172*  (from  alcohol)  no  depression  in  a  mixed  melting  test  with  an  authentic  specimen];  other  products  were 
a)  5  g  of  the  free  pyrazoline  (I)  total  yield  51%  with  b.  p.  55-57*  (13  mm),  np  1.4560,  m.  p.  of  hydrochloride 
171*:  and  b)  2.9  g  (19%)  3,5,5-trimethyl-l-allylpyrazoline  with  b.  p.  78-79* (18  mm),  np  1.4676;  picrate, 
m.  p.  86-87*. 

Heating  of  benzyl  chloride  (12.6  g)  with  acetone  azine  (11.2  g)  for  2  hours  on  a  water  bath  gave  5  g  of  the 
hydrochloride  of  pyrazoline  (I)  with  m.  p.  170-171*  (no  depression  in  admixture  with  the  pure  substance),  2.8  g 
of  the  free  pyrazoline  (I)  [total  yield  59%;  picrate,  m,  p.  137*],  and  6.1  g  (30.%)  3,5,5-trimethyl-l-benzylpyra- 
zoline  (II)  with  b.  p.  134-135*  (8  mm),  np  1.5301,  dj®  0.9922,  m.  p.  of  hydrochloride  153.5-154.5*  (after  recrys¬ 
tallization  from  alcohol),  m.  p.  of  picrate  179*  (after  three  recrystallizations  from  alcohol);  no  depression  of  melt¬ 
ing  point  in  a  mixed  test  with  the  picrate  of  the  above -described  picrate  of  pyrazoline  (II).  A  similar  experiment 
with  benzyl  bromide  gave  the  hydrobromide  of  pyrazoline  (I)  with  m.  p.  169-170*  and  pyrazoline  (II)  with  b.  p. 
133-134*  (7  mm),  np  1.5299;  picrate.  m.  p.  178-179*. 

SUMMARY 

Under  the  action  of  alkyl  halides,  acetone  azine  undergoes  rearrangement  with  formation  of  3, 5, 5 -trimethyl - 
pyrazoline  and  3,5,5-trimethyl-l-alkylpyrazoline.  The  ratio  of  the  reaction  products  depends  upon  the  activity 
of  the  halide,  the  structure  of  the  alkyl  radical  and  the  conditions  of  the  reaction. 
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THE  CHANGE  OF  THE  CHEMICAL  HETEROGENEITY  OF  CELLULOSE 
XANTHATE  DURING  THE  RIPENING  OF  VISCOSE 


A.  T.  Serkov,  A.  B.  Pakshver  and  E.  M.  Mogilevsky 

The  heterogeneity  of  cellulose  xanthate  as  reflected  in  the  degree  of  esterification  was  demonstrated  by 
a  number  of  investigators  [1-3],  In  view  of  the  instability  of  cellulose  xanthate  and  the  fact  that  an  equilibrium 
is  established  in  reaction  (1) 

Cell. -OH  +  CS2+  NaOH^  Cell.-O-CSSNa  +  HjO,  (1) 

it  may  be  suggested  that  solution  of  xanthate  in  viscose  is  followed  by  transesterification  of  the  hydroxyls  of 
cellulose,  due  to  which  the  heterogeneity  of  the  xanthate,  as  regards  esterification,  will  be  evened  out.  The 
possibility  of  transesterification  reaction,  i,  e.  passage  of  the  dithiocarbonate  group  from  one  hydroxyl  of  cellulose 
to  another  hydroxyl,  is  assumed  by  many  authors.  Centola  [4]  observed  supplementary  solution  of  cellulose  in 
viscose  and  attributed  this  phenomenon  to  a  transesterification  reaction.  Cellulose  freshly  introduced  into  tfie 
viscose  is  xanthated  by  the  carbon  disulfide  which  is  always  present  in  accordance  with  equation  ( 1).  However, 
the  solubility  of  cellulose  in  viscose  may  be  accounted  for  by  the  fact  [5]  that  cellulose  is  soluble  to  a  certain 
extent  in  a  6-8^0  solution  of  sodium  hydroxide.  Reference  has  also  been  made  to  the  possibility  of  transesteri¬ 
fication  and  disappearance  of  the  chemical  heterogeneity  of  the  xanthate  during  solution  and  ripening  of  viscose 
[6].  The  existing  experimental  data,  however,  do  not  permit  a  decisive  conclusion  as  to  the  possibility  of  trans¬ 
esterification  of  cellulose  xanthate  and  of  the  diminution  of  its  chemical  heterogeneity.  In  our  experiments  (see 
Table)  data  were  obtained  which  permit  a  direct  answer  to  this  question.  The  viscose  used  in  the  investigation 
was  prepared  both  by  "wet"  xanthation  and  by  the  usual  procedure.  The  first  fractionation  was  effected  immedi¬ 
ately  after  solution,  and  the  second  after  ripening  for  16  hours. 

The  following  fractionation  procedure  was  adopted. 

Twenty  grams  viscose  was  put  into  a  graduated  flask  of  250  ml  capacity  which  was  then  filled  up  to  the 
mark  with  APjo  sodium  hydroxide  solution.  Two  samples  were  withdrawn:  one  of  25  ml  for  determination  of  the 
degree  of  esterification  by  the  known  method  [2];  the  other  of  100  ml  for  fractionation.  Both  samples  were 
neutralized  with  1  N  acetic  acid  solution  (frfienolphthalein  test)  and  treated  with  diethyl  chloroacetamide  (first 
sample  1  ml,  the  second  4  ml).  The  precipitated  diethyl  chloroacetamide  derivative  of  cellulose  xanthate  was 
washed  with  methanol  and  then  with  ether.  The  first  precipitate  (from  the  25  ml)  was  dried  at  50®,  weighed  and 
analyzed  for  nitrogen  by  the  Kjeldahl  method;  in  this  manner  the  of  the  original  xanthate  could  be  calculated. 
The  second  sample  was  dissolved  in  100  ml  70%  aqueous  solution  of  eAylene  chlorohydrin.  Solution  was  facilitated 
by  first  triturating  the  xanthate  derivative  thoroughly  in  a  mortar  in  the  dry  form  and  then  with  tlie  amount  of 
water  that  should  be  present  in  the  solution  (30  ml);  the  suspension  was  then  transferred  to  a  bottle  with  a  ground - 
glass  stopper  and  70  g  ethylene  chlorohydrin  added  in  small  portions  while  stirring.  Solution  was  then  effected 
by  shaking  for  one  hour.  A  small  amount  of  water  wad  added  dropwise  to  the  resultant  solution  with  vigorous 
stirring  until  cloudy.  The  next  day  the  precipitate  was  centrifuged,  washed  with  a  small  quantity  of  water  (5  ml), 
with  methanol,  and  with  ether,  dried  at  50“  to  constant  weight,  weighed,  and  transferred  to  a  flask  for  Kjeldahl 
determination  of  nitrogen. 
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The  degree  of  esterification  is  calculated  from  the  formula: 


TCS2  = 


1.62  •  /I 

m  —  0.0189  •  n 


where  n  is  tlie  amount  of  0.1  N  HCl  solution  (in  ml)  used  in  titration  of  the  ammonia,  and  m  is  the  weight  of 
the  sample  of  derivative  (in  g). 


Composition  of  Fractions  of  Cellulose  Xanthate  Obtained  in  Xanthating  Cylinder  and  by  Emulsion  Xanthatlon 


Fraction  number 

Xanthation  in  cylinder 

1  Emulsion  xanthation 

after  16-hours’ 

ripening 

immediately  after 
solution 

after  16 -hours’ 
ripening 

wt.  of  frac¬ 
tion  (g) 

ycsj 

wt.  of 
fraction 

(g) 

ycSi 

wt.  of  frac¬ 
tion  (g) 

ycst 

wt.  of 
fraction 

(g) 

ycsz 

Mean  value  of  XCSj 

- 

45.2 

37.3 

— 

51.0 

40.6 

Weight  of  total  sample 

1.0392 

- 

1.0024 

- 

1.0200 

- 

1.0048 

- 

First  fraction 

0.5684 

40.1 

0.1256 

36.5 

0.0630 

39.4 

0.1918 

41.2 

Second  fraction 

0.0964 

50.4 

0.3010 

37.8 

0.5571 

49.6 

0.5674 

40.2 

Third  fraction 

0.3744 

53.8 

0.5755 

37.2 

0.3999 

55.4 

0.2462 

41.4 

The  second  fraction  is  isolated  by  addition  of  excess  of  water  (100  ml  including  the  5  ml  taken  for  washing 
the  first  fraction).  The  degree  of  esterification  and  the  weight  of  the  third  fraction  are  determined  by  difference, 
knowing  the  degree  of  esterification  of  the  original  derivative  and  its  weight. 

We  see  from  the  experimental  data  in  the  Table  that  the  xanthate  is  extremely  heterogeneous  in  its  degree 
of  esterification  immediately  after  solution.  This  heterogeneity  is  governed  by  the  structure  of  the  cellulose, 
by  the  presence  of  individual  portions  with  different  degrees  of  molecular  regularity  and  of  orientation  of  the 
macromolecules,  as  well  as  by  technological  factors.  Ripening  of  viscose  is  accompanied  by  transesterification 
of  the  hydroxyls  of  the  cellulose,  and  since  the  influence  of  the  structure  of  the  fiber  becomes  less  important  in 
solution,  the  process  of  transesterification  leads  to  the  degree  of  esterification  of  the  xanthate  becoming  more 
uniform  throughout.  After  16  hours’  ripening  of  the  viscose,  ft  was  impossible  to  isolate  from  any  of  the  samples 
a  fraction  whose  XcSj  differed  appreciably  from  that  of  the  other  fractions. 

We  can  accordingly  assume  that  an  equilibrium  expressed  by  equation  (1)  is  established  in  viscose.  If  we 
accept  the  theory  of  Meos  [7]  and  other  authors  [8]  that  during  xanthatlon  the  carbon  disulfide  only  reacts  after 
transition  to  dithiocarbonate,  the  mechanism  of  cellulose  xanthation  may  be  represented  by  the  following  scheme: 

CSj  +  NaOH^  NaHCSjO,  (2) 

Cell.  -OH  +  NaHCSjO  ^  Cell.  -OCSzNa  +  HjO.  (3) 

The  following  mechanism  of  transesterification  may  be  proposed:  The  xanthated  groups  split  off  in  the 
form  of  dithiocarbonate  which  can  again  react  with  the  free  hydroxyls  of  the  cellulose  to  form  xanthate  groups; 
the  cellulose  xanthate  thus  becomes  uniformly  esterified.  Part  of  the  dithiocarbonate,  however,  reacts  with  alkali 
to  form  NajS  and  Na^CSs  and  is  therby  removed  from  the  sphere  of  reaction. 
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SUMMARY 

1.  Cellulose  xanthate  obtained  by  the  usual  technique  (barrel  xanthation)  and  by  the  technique  of  "wet" 
xanthation  is  extremely  heterogeneous  in  respect  of  degree  of  esterification. 

2.  The  chemical  heterogeneity  of  cellulose  xanthate  gradually  disappears  during  the  ripening  of  viscose. 

The  levelling -out  of  the  degree  (rf  esterification  is  accounted  for  by  a  process  of  transestefification  of  the  hydroxyls 
of  the  cellulose  in  the  viscose  solution. 
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THE  CHAIN  REACTION  OF  CARBON  TETRACHLORIDE  WITH  ISOPROPYL 
ALCOHOL  INITIATED  BY  ACETYLATED  AND  BENZOYLATED 
HYDROPEROXIDES  OF  1  -  HYD  ROX  Y  C  Y  CL  OHEX  A  NON  E 

G.  A.  Kolpovskaya.  B.  N.  Moryganov,  G.  A.  Razuvaev  and  V.  A.  Shushunov 


It  was  earlier  established  [11  that  radicals  formed  by  thermal  decomposition  of  benzoyl  peroxide  initiate 
a  chain  reaction  of  carbon  tetrachloride  with  methyl  and  Isopropyl  alcohols.  The  present  communication  gives 
the  results  of  investigation  of  the  reaction  of  carbon  tetrachloride  with  isopropyl  alcohol  initiated  by  acetylated 
(I)  and  benzoylated  (II)  hydroperoxides 


^^CHa-CHa^  ^O-O-C^— CHg 
*  ^CHa-CHa^  ^0-0- C - CHg 


O 


(I) 


HaC 


/O 

/CHa-CHa  ^^^O-O-C— CeHg 
^CHa-CHa^  ^O-O-C - CeH., 


(II) 


of  1-hydroxycyclohexanone.  A  comparison  can  be  made  of  the  activity  of  CH3COO*  and  C5H5COO'  radicals 
formed  by  thermal  breakdown  of  the  above  hydroperoxides. 

The  chief  end  products  of  the  reaction  that  we  investigated  are  HCl,  acetone  and  chloroform.  We  quanti¬ 
tatively  determined  the  first  two  substances  but  the  chloroform  was  only  qualitatively  detected.  Since  the  con¬ 
centrations  of  hydroperoxides  in  our  solutions  were  small,  we  usually  did  not  study  the  quantitative  ratio  of  the 
products  formed  by  decomposition  of  the  initiators. 

The  mechanism  of  a  similar  chain  reaction  has  already  been  considered  [1];  in  the  present  work  we  there¬ 
fore  limited  ourselves  to  quantitative  determination  of  the  main  reaction  products  after  a  period  of  time  long 
enough  for  complete  decomposition  of  the  hydroperoxides;  we  also  studied  the  kinetics  of  the  process. 

Our  preliminary  experiments  showed  that  initiation  of  the  reaction  between  CCL4  and  CH3CHOHCH3  takes 
place  even  at  40-50®  and  with  a  concentration  of  hydroperoxide  of  the  order  of  several  thousandths  of  a  mole 
per  liter  of  mixture.  The  reaction  velocity  increases  sharply  with  rising  temperature.  At  a  temperature  of  about 
80*  both  the  acetylated  and  the  benzoylated  hydroperoxides  of  1-hydroxycyclohexanone  were  completely  decom¬ 
posed  after  40-50  hours  in  the  mixtures  that  we  Investigated.  The  Table  shows  the  results  of  quantitative  deter¬ 
mination  of  some  of  the  main  products  of  the  reaction.  These  results  very  convincingly  demonstrate  the  occur¬ 
rence  of  a  chain  reaction  in  the  mixture  under  investigation. 

It  is  usual  to  characterize  chain  reactions  by  the  length  of  chain  of  one  of  the  products  of  reaction.  Cliain 
length  may  depend,  however,  on  many  factors  (temperature,  composition  of  reaction  mixture,  concentration  of 
added  substances,  etc.).  Furthermore,  the  reaction  products  (whose  concentration  may  govern  the  chain  length) 
may  themselves  undergo  further  chemical  changes. 
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Concentra¬ 
tion  of  hydro] 
peroxides 


No.  of  moles  of  substances  formed 
per  mole  of  decomposed  hydroperoxide 


C  •  10* 

(moles/llterj 

HCl 

CHjCOCH, 

CO, 

Acetylated  hydroperoxide 

0.63 

26.0 

20.6 

0.57 

25.6 

209 

0.53 

2.5 

9.8 

9.0 

0.17 

9.4 

8.6 

0.18 

7.5 

2.8 

2.6 

0.05 

3.1 

2.9 

0.05 

Benzoylated  hydroperoxide 

0.27 

59.0 

38.9 

— 

64.0 

38.8 

1.5 

1.1 

24.5 

13.0 

0.76 

25.0 

14.0 

0.83 

3.3 

9.8 

6.5 

0.39 

10.3 

7.4 

0.40 

In  Fig.  1  the  length  of  chain  (with  respect  to 
IICl)  Is  plotted  as  a  function  of  the  Initial  concentra¬ 
tion  of  hydroperoxide  when  the  reaction  mixture  has 
been  heated  until  the  Initiator  has  been  decomposed. 
As  we  see  from  Curve  2,  the  chain  length  Increases 
sharply  with  falling  concentration  of  hydroperoxide 
below  0,01  mole/liter  and  is  relatively  little  depen¬ 
dent  upon  the  content  of  hydroperoxide  in  more  con¬ 
centrated  solutions.  The  same  diagram  also  reveals 
that  the  chain  length  (with  respect  to  HCl)  for  the 
reaction  initiated  by  the  acetylated  hydroperoxide  Is 
considerably  smaller  than  for  the  same  reaction  ini¬ 
tiated  by  benzoylated  hydroperoxide.  This  difference 
in  chain  length  (with  respect  to  HCl)  may  be  due  to 
the  fact  that  the  ratio  of  the  velocity  of  radical  de¬ 
composition  of  hydroperoxide  to  the  velocity  of  its 
reaction  with  the  alcohol  in  the  ’’cell"  is  not  the 
same  for  the  two  initiators  used  in  this  work.  The 


ratio  is  smaller  for  acetylated  hydroperoxide  than 
for  benzoylated  hydroperoxide,  as  the  Table  shows.  The  chain  length  with  respect  to  acetone  is  considerably 
greater  for  the  reaction  Initiated  by  acetylated  hydroperoxide  than  for  that  initiated  by  benzoylated  hydroperox 
ide.  The  chain  length  with  respect  to  CO2  also  shows  this  difference. 


Fig.  1.  Chain  length  (n)  with 
respect  to  HCl  as  a  function  of 
the  concentration  of  hydroper¬ 
oxide.  1)  with  acetylated 
hydroperoxide;  2)  with  benzo- 
lated  hydroperoxide  of  1-hydroxy - 
cyclohexanone. 


Fig.  2.  Rise  of  concentration  of  HCl  in  the 
reaction  mixture  in  course  of  the  reaction. 
1,2, 3. 4  and  5  were  plotted  with  respective 
initial  concentrations  of  acetylated  hydro¬ 
peroxide  of  5  r  10‘®,  1.5  •  10"*, 2.5  •  10 
5  •  10"*  and  7.5  •  10"*  moles/liter. 


We  studied  the  kinetics  of  formation  of  HCl  in  the  reaction  of  carbon  tetrachloride  with  isopropyl  alcohol 
initiated  by  acetylated  hydroperoxide.  Several  kinetic  curves,  plotted  at  55*  (Fig.  2)  with  various  concentrations 
of  hydroperoxide,  show  the  reaction  course.  From  the  slope  of  the  Initial  rectilinear  portion  of  these  kinetic 
curves,  we  can  evaluate  the  rate  of  development  of  the  chemical  processes  in  the  investigated  mixture  of  liquid 
substances.  The  abscissas  in  this  diagram  represent  the  duration  of  reaction,  and  the  ordinates  the  number  of 
moles  of  HCl  (X)  formed  by  reaction  of  1  mole  of  mixture  (0.5  mole  CCI4  and  0.5  mole  CH3CHOHCH3). 

In  Fig.  3  the  Curve  drawn  through  the  experimental  points  represents  the  dependence  of  the  initial  reaction 
velocity  (Wo)  on  the  concentration  of  hydroperoxide.  The  ordinates  represent  the  initial  velocity  Wq  =  X.*  10* 
moles/hour;  the  abscissas  represent  the  concentration  of  acetylated  hydroperoxide.  We  see  that  the  initial  velocity 
of  formation  of  HCl  rises  linearly  with  the  concentration  of  hydroperoxide  when  the  latter  exceeds  0.02  mole/liter. 
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Fig,  3,  Influence  of  concen¬ 
tration  of  acetylated  hydro¬ 
peroxide  on  the  initial  velocity 
of  formation  of  HCl  at  55®. 


At  lower  concentrations  of  hydroperoxide,  this  dependence  Is  not 
observed  and  additions  of  hydroperoxide  have  a  greater  influence  on  the 
velocity  of  the  reaction. 

We  also  made  a  fairly  close  study  of  the  influence  of  temperature 
on  the  initial  velocity  of  evolution  of  HCl.  Results  of  these  experiments 
are  plotted  in  Fig.  4.  All  these  experiments  were  carried  out  with  a 
constant  initial  concentration  of  hydroperoxide  of  5  •  10'*  mole/liter.  A 
very  strong  dependence  on  temperature  is  observed. 

From  the  initial  straight-line  portions  of  the  kinetic  curves  plotted 
in  Fig.  4,  the  reaction  velocity  (Wo)  was  determined  for  the  experiments 
performed  at  the  different  temperatures;  on  this  basis  the  dependence  of 
log  Wo  on  the  reciprocal  of  the  temperature  was  plotted  in  Fig.  5.  The 
experimental  points  on  this  graph  are  closely  disttibuted  about  the  straight 
line  drawn  through  them.  This  demonstrates  the  applicability  of  the 
Arrenhius  law  to  the  reaction  under  the  given  experimental  conditions. 
From  the  slope  of  the  straight  line  we  determined  the  energy  of  activation 
and  obtained  a  value  of  25.8  ±  0.5  kcal/mol. 


Fig.  4.  Rise  of  concentration  of  HCl  in  the 
reaction  mixture  during  reaction  at  various 
temperatures. 


Fig.  5.  Rate  of  formation  of  HCl  as 
a  function  of  temperature. 


EXPERIMENTAL 

Chain  reaction  of  carbon  tetrachloride  with  isopropyl  alcohol  initiated  by  benzoylated  1-hydroxycyclo- 
hexanone  hydroperoxide.  The  benzoylated  derivative  was  synthesized  from  cyclohexanone  hydroperoxide  and 
benzoyl  chloride  [2].  The  benzoylated  hydroperoxide  used  in  the  experiments  had  an  activity  of  67.5<7o(in  cal¬ 
culating  the  yields  of  HCl,  acetone  and  CO2,  conversion  was  made  to  a  lOO^o  basis).  The  reaction  mixture,  com¬ 
prising  equimolar  amounts  of  carbon  tetrachloride  (154  g)  and  isopropyl  alcohol  (60  g)  and  varying  amounts  of 
benzoylated  hydroperoxide  (0,25,  1  and  3  g),  was  charged  into  a  flask  fitted  with  a  reflux  condenser  (ground -glass 
connection)  and  connected  to  absorption  vessels;  the  flask  was  heated  on  a  water  bath  for  54  hours. 

The  gaseous  products  of  reaction  were  absorbed  —  the  HCl  in  distilled  water  and  the  CO2  in  saturated 
barium  hydroxide  solution.  The  CO^  was  determined  gravimetrically.  The  mixture  of  liquid  reaction  products 
were  washed  to  neutrality  with  distilled  water  to  remove  acetone  and  HCl  as  well  as  unreacted  alcohol  and 
other  water-soluble  substances.  The  aqueous  alcoholic  solution  was  combined  with  HCl  solution  from  the  absorbers. 
The  HCl  in  the  mixture  was  gravimetrically  determined  as  AgCl,  and  the  acetone  was  determined  in  the  form 
of  the  2,4-dinitrophenylhydrazone.  After  washing  with  water  and  drying  with  CaClj,  the  liquid,  water-insoluble 
reaction  products  were  fractionally  distilled.  A  fraction  with  b.  p.  59-76*  (mixture  of  chloroform  and  carbon 
tetrachloride)  was  taken  off.  After  further  drying  with  CaCl2  and  then  with  P2C)5,  this  fraction  was  again  fraction¬ 
ated  in  a  column  to  give  a  chloroform  fraction  with  b.  p.  60-62®  (dj®  1.4759,  np  1.4427).  Material  from  several 
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experiments  was  combined  for  the  fractionations.  The  residue  after  distillation  of  the  59-76*  fraction  was 
made  alkaline  and  steam-distilled.  The  non -distillable  portion  was  freed  from  resin  and  acidified  with  dilute 
hydrochloric  acid;  benzoic  acid  was  thus  isolated.  o-Phthalic  acid  was  detected  in  the  resin  by  the  fluorescein 
test  with  resorcinol. 

Chain  reaction  of  carbon  tetrachloride  with  isopropyl  alcohol  initiated  by  acetylated  1-hydroxycyclo- 
hexanone  hydroperoxide.  The  acetylated  hydroperoxide  was  prepared  by  a  similar  method  to  that  used  for  the 
benzoylated  derivative  [2].  Equimolar  amounts  of  carbon  tetrachloride  (154  g)  and  isopropyl  alcohol  (60  g) 
and  various  amounts  of  acetylated  hydroperoxide  (0.25,  1,  and  3  grams)  with  an  activity  of  97.4%  were  heated 
on  a  water  bath  for  40  hours.  The  gases  formed  during  the  reaction  were  absorbed  as  in  the  experiments  with 
benzoylated  hydroperoxide.  The  CO^  was  determined  gravimetrically.  The  liquid  products  of  reaction  were 
washed  to  neutrality  with  distilled  water.  The  aqueous  alcoholic  solution  contained  HCl,  acetone,  acetic  acid, 
unreacted  alcohol  and  other  water-soluble  substances.  The  solution  was  combined  with  the  HCl  solution  from 
the  absorbers  and  analyzed  as  before  for  its  content  of  HCl  and  acetone.  A  portion  of  the  aqueous  alcoholic 
solution  was  neutralized  with  0.1  N  NaOH  solution  and  evaporated  down.  The  dry  residue  was  examined  for 
acetic  acid  which  was  detected  by  the  cacodyl  reaction.  The  liquid,  water-insoluble  products  were  dried  with 
CaClj  and  fractionally  distilled.  A  first  50-60*  fraction  was  further  dried  with  CaClx  and  then  with  P2O5  before 
refractionation  in  a  column  to  give  a  chloroform  fraction  with  b.  p.  61-65*  (d*®  1.4702,  1.4410). 

Kinetics  of  the  chain  reaction  of  carbon  tetrachloride  with  isopropyl  alcohol  initiated  by  acetylated 
1-hydroxycyclohexanone  hydroperoxide.  A  reaction  mixture  consisting  of  equimolar  amounts  of  carbon  tetra¬ 
chloride  (12.02  ml)  and  isopropyl  alcohol  (9.5  ml)  and  various  amounts  of  acetylated  hydroperoxide  was  charged 
into  ampoules  (volume  about  25  ml).  The  ampoules  were  sealed  and  placed  in  a  thermostat  whose  temperature 
was  kept  constant  to  within  ±  0.1*.  At  definite  time  intervals  the  ampoules  were  removed  from  the  thermostat, 
rapidly  cooled,  and  analyzed  for  the  amount  of  HCl  formed. 

SUMMARY 

1.  Acetylated  and  benzoylated  1-hydroxycyclohexanone  hydroperoxide  initiate  a  chain  reaction  between 
carbon  tetrachloride  and  isopropyl  alcohol. 

2.  It  was  established  that  the  chain  length  with  reference  to  HCl  is  larger  in  the  reaction  with  the  ben¬ 
zoylated  hydroperoxide  than  with  the  acetylated  derivative. 

3.  The  kinetics  of  accumulation  of  HCl  in  the  reaction  was  studied.  Its  velocity  increases  rapidly  with 
rising  temperature.  The  energy  of  activation  of  this  process  was  determined. 
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REACTIONS  OF  ACETYL  BENZOYL  PEROXIDE  WITH  ALCOHOLS 


AND  ACETIC  ACID 
G.  A.  Razuvaev  and  V.  N.  Latyaeva 

The  thermal  decomposition  of  symmetrical  acetyl  and  benzoyl  peroxides  in  alcohols  and  acids  has  inter¬ 
ested  many  authors.  Kharasch,  Rowe  and  Urry  proposed  a  free -radical  mechanism  of  decomposition  of  acetyl 
peroxide  in  n-butyl,  isobutyl,  sec -butyl,  isopropyl  and  tert-butyl  alcohols  [1].  The  main  products  of  the  reac¬ 
tion  were  methane,  CO2,  acetic  acid,  methyl  acetate,  acetic  esters  of  the  solvent,  aldehydes  or  ketones.  The 
products  of  reaction  with  deuterated  alcohols  indicated  that  dehydrogenation  of  the  alcohol  occurred  at  the 
a-carbon  atom.  Kh.  S.  Bagdasaryan  and  R.  I.  Milyutinskaya  [2]  believed  that  the  initial  reaction  of  breakdown 
to  radicals  does  not  depend  upon  the  medium.  The  primary  radicals  promote  the  breakdown  of  the  peroxide  in 
a  chain  reaction.  The  overall  velocity  of  decomposition  and  composition  of  the  products  are  governed  by  the 
nature  of  the  solvent  and  the  additives.  S.  R.  l^fikov  and  V.  S.  Kudinova  suggested  that  in  the  case  of  a  solvent 
capable  of  attacking  the  peroxy  group  (ethyl  alcohol),  an  exchange  reaction  occurs  at  a  temperature  below 
that  of  the  breakdown  of  peroxide  [3].  The  main  reaction  is  dehydrogenation  of  the  alcohol; 

RCOO 

I 

o 

R-C< 

6 

The  chain  reaction  here  plays  a  secondary  part. 

The  differences  in  behavior  of  acetyl  peroxide  and  benzoyl  peroxide  are  clearly  manifested  in  reactions 
with  acetic  acid.  Acetyl  peroxide  decomposes  in  glacial  acetic  acid  to  give  a  high  yield  of  succinic  acid, 
methane,  COj  and  methyl  acetate.  The  mechanism  of  the  reaction  has  been  established  by  the  work  of  Fry, 
Tolbert  and  Calvin  [4].  Succinic  acid  was  not  detected  among  tlie  reaction  products  when  benzoyl  peroxide 
was  decomposed  in  boiling  glacial  acetic  acid  [5],  Galdstone  [6]  isolated  benzene,  dij^enyl,  C02  and  benzoic, 
p-phenylbenzoic,  homophthalic  and  homoterephthalic  acids. 

It  appeared  to  us  of  interest  to  investigate  the  reactions  of  mixed  acetyl  benzoyl  peroxide,  which  by 
dissociation  of  the  0-0  bond  gives  two  radicals:  CH3CO2'  and  C6H5CO2’.  This  enabled  a  comparison  of  their 
properties  and  provided  new  facts  of  interest  in  connection  with  the  mechanism  of  reactions  of  acyl  peroxides. 
Acetyl  benzoyl  peroxide  was  decomposed  in  methyl,  isopropyl,  n-butyl  and  tert-amyl  alcohols  and  in  glacial 
acetic  acid. 

Reaction  of  acetyl  benzoyl  peroxide  with  methyl,  isopropyl  and  n-butyl  alcohols  gave  CO2,  CH4,  benzoic 
and  acetic  acids  and  carbonyl  compounds  (see  Table). 

Judging  by  the  amount  of  benzoic  acid  isolated  and  by  the  absence  of  benzene  from  the  reaction  products, 
the  CgHsCOO’  radical,  without  decomposing,  removed  hydrogen  from  the  alcdrol.  Consequently,  the  CO2  was 
released  exclusively  at  the  expense  of  the  acetyloxy  radical.  Decarboxylation  of  the  benxoyloxy  radicals 
occurs  when  benzoyl  peroxide  reacts  with  alcohols.  The  absence  of  methyl  benzoate  and  the  equality  in  the 
volumes  of  CO2  and  CH4  in  the  reactions  investigated  point  to  insignificant  induced  decomposition  of  acetyl 


CHg-CH;, 
I 


2RCOOH  CH3C 


OH 
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Gas  volume  (mll^ 


benzoyl  peroxide.  Among  the  reaction  products  we  found  no  diphenyl,  benzene  or  esters  of  the  solvent.  The 
COj  :  CHjCOOH  ratio  depends  upon  the  alcohol  taken  and  the  temperature.  For  methyl  alcohol  at  40*  it  is 
2.3;  at  64*  it  is  5.0;  for  isopropyl  alcoliol  at  40*  it  is  0.8;  at  82*  it  is  4.3;  for  tert-butyl  alcohol  it  is  7.2;  for 
n-butyl  alcohol  it  is  9  at  90*  and  the  molar  peroxide/solvent  ratio  is  1  ;3. 


Products  isolated 
(in  moles) 

1  Solvents 

CH,OH* 

CHjCHOHCHa** 

1  1 
1  n-C.HaOH*** 

CH,COOH**** 

COo . 

0.0125 

0.0193 

0.0236 

0.0344 

CH4 . 

0.0125 

0.02 

0.023 

0.0268 

CHiCOOH  . 

0.0025 

0.0040 

0.0039 

— 

CsHsCOOH . 

0.0163 

0.0282 

0.0251 

,  0.0024 

CHgO . 

0.0073 

— 

— 

— 

CHiCOCHi . 

— 

0.0286 

— 

— 

n-(!:3H7CHO . 

— 

— 

0.0170 

— 

CoHsCOOCHg . 

— 

— 

— 

0.0026 

H00C(CH2)2C00H  .  . 

0.0178 

•0.0175  mole  acetyl  benzoyl  peroxide  in  80  ml  alcohol  was  decomposed  at  64*. 

••0.0288  mole  peroxide  in  50  ml  alcchol  was  decomposed  at  82*. 

•  •  *0.026  mole  peroxide  in  75  ml  alcohol  was  decomposed  at  90-95*. 

•  *  •  *0.0299  mole  peroxide  in  75  ml  glacial  acetic  acid  was  decomposed  at  90*. 

With  the  objective  of  clarifying  die  mechanism  of  reactions  of  the  peroxide  with  alcohols,  experiments 
were  run  at  various  reaction  temperatures  and  with  various  concentrations  of  peroxide  in  different  alcohols. 

The  velocity  of  decomposition  of  acetyl  benzoyl  peroxide  by  alcohols  increased  in  the  following  order; 
tert-amyl  <  methyl  <  ethyl  <  isopropyl  (Figs.  1-8),  in  agreement  with  the  literature  data  cited  above.  The 
rate  of  evolution  of  gas  and  of  decomposition  of  die  peroxide  increased  linearly  with  the  concentration. 


1 


Time  (hours) 

Fig.  1,  Decomposition  of  the  peroxide  in 
CH3OH  at  50*  (judged  by  volume  of  gas 
evolved).  Peroxide/solvent  ratio: 

1)  1:150,2)  1;75,  3)  1;30,  4)  1:15. 

The  data  indicate  that  the  reaction  goes  in  two  directions: 


Fig.  2.  Decomposition  of  0.00333  mole  per¬ 
oxide  in  CH3OH  (1 ;  75)  (judging  by  volume 
of  gas  evolved).  1)  40*,  2)  45*,  3)  50*, 

4)  55*.  5)  61*. 


CHsCOOOCOCbHs  h-  RR’CH0H<^ 


CgHsCOOH  CH3COOH  -H  RR'CO 
CeHfiCOOH  -H  CH4  -f-  COg  RR'CO 


(a) 

(b) 


2214 


At  low  temperatures  the  small  evolution  of  gas  in  comparison  with  the  degree  of  decomposition  of 
peroxide  indicated  predominance  of  course  (a).  Two  reaction  routes  are  possible:  intramolecular  interaction 
and  a  free-radical  mechanism.  The  presence  of  free  acyloxy  radicals  in  the  solution  was  proved  by  reaction 
of  the  peroxide  with  alcohols  in  presence  of  diphenylpicrylhydrazine  which  had  earlier  been  used  for  the  sup¬ 
pression  of  induced  decomposition  of  a  peroxide  [7].  In  exploratory  experiments  with  additions  of  diphenyl¬ 
picrylhydrazine  in  the  proportion  of  0.5  mole  per  mole  of  f)eroxide  hardly  any  gas  was  evolved  under  similar 
conditions:  this  indicated  the  absence  of  reaction  (b)  which  went  by  a  free -radical  mechanism.  Gas  evolution 
commenced  after  disappearance  of  the  color  of  the  free  diphenylpicrylhydrazine  radical. 


Fig.  3.  Decomposition  of  0.00166  mole 
peroxide  in  CH3OH  (1 : 150).  Volume  of 
gas  evolved  at  temperatures  of:  1)  40*; 
2)  50";  3)  61*;  judged  by  decomposi¬ 
tion  of  peroxide  at  temperatures  of 
1’)  40*;  2’)  50*:  3’)  61*. 


Fig.  5.  Decomposition  of  0.00333  mole 
peroxide  in  C2H5OH  (1 : 75)  (judged  by 
the  volume  of  gas  evolved).  1)  40*.  2)  45* 
3)  50*.  4)  55^  5)  61*. 


Fig.  4.  Decomposition  of  peroxide  in  C2H5OH 
at  50*  (judged  by  volume  of  gas  evolved). 
Peroxide/solvent  ratio:  1)  1:150,  2)  1:75, 
3)  1:30,  4)  1:15. 


Fig.  6.Decomp.of  peroxide  in  isopropyl  alcohol 
at  50*  (judged  by  volume  of  gas  evolved).  Per¬ 
oxide/solvent  ratio:  1)  1:150,  2)  1:75, 

3)  1:30,  4)  1:15. 


During  the  reactions  we  attempted  to  titrate  the  acid  formed  in  course  of  reaction.  This  would  have 
permitted  an  additional  check  on  the  rate  of  interaction  of  peroxide  with  alcohol.  During  titration  of  the 
original  peroxide,  however,  we  established  that  the  alcciiolic  solution  of  peroxide  reacts  according  to  the 
following  scheme  in  presence  of  0.1  N  caustic  alkali: 


2CH3COOOCOC6H6  -t-  NaOH  -♦  (C6H6C00)2  ■+■  CHsCOONa  -h  CH3COOOH. 


Fig.  7.  Decomposition  of  0.00333  mole 
peroxide  in  isopropyl  alcohol  (1;75) 
(judged  by  amount  of  gas  evolved). 

1)  40*.  2)  45“.  3)  50*.  4)  55*.  5)  61*. 


Fig.  8.  Decomposition  of  0.00333  mole 
peroxide  in  alcohols  (1 ;  75)  (judged  by 
volume  of  gas  evolved).  1)  CH3OH, 

2)  C2H5OH.  3)  iso-CsHyOH. 


Benzoyl  peroxide,  acetic  acid  and  peracetic  acid  were  found  among  the  products  of  reactions  performed 
under  various  conditions  (at  room  temperature,  at  —6®,  in  an  atmosphere  of  nitrogen,  and  in  air). 

Thermal  decomposition  of  acetyl  benzoyl  peroxide  in  glacial  acetic  acid  led  to  formation  of  CH4,  CO2, 
methyl  benzoate,  succinic  acid,  benzene,  diphenyl  and  homophthalic  acids  (see  Table).  Quantitative  separation 
of  the  reaction  products  presented  great  difficulties,  so  that  our  data  do  not  give  a  full  quantitative  picture  of  the 
reaction.  The  products  of  reaction  are  the  same  as  those  given  above  for  the  decomposition  of  acetyl  peroxide 
and  benzoyl  peroxide  in  acetic  acid.  In  the  present  case  decarboxylation  of  both  RCOO— radicals  is  observed,  as 
well  as  the  formation  of  methyl  benzoate,  the  latter  fact  indicating  the  possibility  of  initiated  decomposition; 


CH3  •  -i-CHaCOOOCOCeHs - ►CgHsCOOCHa CH3COO  • 


EXPERIMENTAL 

Acetyl  benzoyl  peroxide  was  prepared  from  benzaldehyde  and  acetic  anhydride  by  Nef's  method  [8]. 

The  activity  of  the  peroxide  was  found  to  be  93-98^0  by  iodometric  determination  (the  2-7<7o  of  impurity  was 
benzoic  acid).  A  correction  for  impurity  was  made  during  the  acidity  determinations.  The  thermal  reactions  of 
the  peroxide  with  solvent  were  conducted  by  heating  in  a  flask  with  a  reflux  condenser  (ground -glass  connection) 
on  a  water  bath.  The  system  was  previously  filled  with  nitrogen.  The  gaseous  products  of  reaction  were  passed 
through  traps  cooled  to  —15®,  then  through  traps  containing  AQPjo  KOH  for  absorption  of  the  CO2:  the  residual  CH4 
was  collected  in  a  buret.  The  methane  was  determined  by  combustion  in  a  VTI  (All-Union  Heat  Engineering 
Institute)  apparatus. 

Reaction  of  acetyl  benzoyl  peroxide  with  methyl  alcohol.  3.3  g  95.5<yo  acetyl  benzoyl  peroxide  (0.0175 
mole)  in  50  ml  CH3OH  was  added  portionwise  to  30  ml  methyl  alcohol  In  the  course  of  1  1/2  hours.  Heating 
at  the  boiling  point  of  the  solvent  was  usually  continued  for  3.5-4  hours.  After  this  period  0.55  g  (0.0125  mole) 
CO2  and  0.0125  mole  methane  had  come  off.  The  methanol  solution  was  titrated  with  0.1  N  KOH.  The  total 
acidity  of  the  solution  was  0.0188  mole.  Acidification  yielded  1.99  g  benzoic  acid  (0.0163  mole)  with  m.  p. 

121®  (from  water).  The  presence  of  acetic  acid  was  confirmed  by  the  cacodyl  oxide  test.  Its  amount  was  deter¬ 
mined  by  difference  on  the  basis  of  the  total  acidity  and  the  CgHsCOOH  isolated;  it  was  0.0025  mole.  2.14  g  of 
the  dimedon  derivative  of  formaldehyde  with  m.  p.  188®  (from  alcohol)  was  isolated.  Esters  were  not  detected. 

Reaction  of  acetyl  benzoyl  peroxide  with  isopryopyl  alcohol.  The  reaction  was  conducted  by  the  above 
procedure.  5.4  g  96%  acetyl  benzoyl  peroxide  (0.0288  mole)  in  50  ml  isopropyl  alcohol  was  heated  for  3  hours 
at  the  boiling  point  of  the  solvent.  During  the  reaction  0.85  g  CO2  (0.0193  mole)  and  448  ml  (0.02  mole)  meth¬ 
ane  were  evolved.  The  total  acidity  was  0.0322  mole.  Acidification  yielded  3.7  g  benzoic  acid  (0.0282  mole). 
The  difference  between  the  total  acidity  and  the  amount  of  C5H5COOH  gave  a  yield  of  0.004  mole  acetic  acid, 
the  presence  of  which  was  confirmed  by  qualitative  reactions.  1.55  g  of  acetone  2,4-dinitrophenylhydrazone 
(0.0269  mole)  was  isolated;  m.  p.  (from  alcohol)  126*.  0.0286  mole  acetone  was  found  by  titration  of  the  oxime. 
No  esters  were  found. 
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Reaction  of  acetyl  benzoyl  peroxide  with  n -butyl  alcohol.  5.0  g  93,5%  acetyl  beiizoyl  peroxide  (0.026 


mole)  in  20  ml  isopropyl  alcohol  was  titrated  with  0.1  N  KOH  in  presence  of  phenolphthalein  at  —6®.  The  total 
acidity  was  0.00117  mole;  during  the  treatment,  0.22  g  (0.00091  mole)  benzoyl  peroxide  separated;  m.  p.  106*. 
The  melting  point  of  a  mixture  with  pure  benzoyl  peroxide  was  106,5®.  The  benzoyl  peroxide  was  determined 
iodometrically.  The  filtrate  after  separation  of  the  benzoyl  peroxide  was  acidified  and  the  acetyl  hydroperoxide 
content  determined  iodometrically;  the  amount  was  0,00111  mole. 

The  authors  thank  V.  A.  Shushunov  for  assisting  in  the  evaluation  of  the  results. 

SUMMARY 

1.  Reactions  of  acetyl  benzoyl  peroxide  with  methyl,  ethyl,  isopropyl  and  n-butyl  alcohols  were  investi¬ 
gated. 

2.  The  reactions  go  with  dehydrogenation  of  the  alcohol  and  formation  of  a  mixture  of  acetic  and  benzoic 
acids  on  the  one  hand,  or  with  formation  of  benzoic  acid,  methane  and  COj  on  the  other  hand. 

3.  The  velocity  of  reaction  with  the  alcohols  decreases  in  the  order:  isopropyl  >  ethyl  >  methyl>  tert- 

amyl. 

4.  Addition  of  diphenylpicrylhydrazine  inhibits  the  reaction  that  goes  with  evolution  of  gas. 

-  I 

*B.  Redoshkin  collaborated  in  these  experiments. 
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5,  Reaction  of  acetyl  benzoyl  peroxide  in  acetic  acid  gave  methane,  COj,  methyl  benzoate,  succinic  acid, 
benzene,  diphenyl  and  homophthalic  acids. 

6.  Treatment  of  the  alcoholic  solution  cf  the  peroxide  with  caustic  alkali  results  in  formation  of  benzoyl 
peroxide,  acetic  acid  and  peracetic  acid. 
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SYNTEiESES  WITH  THE  HELP  OF  ACRYLONITRILE 
XXVIII.  y-BENZOYLCAPROIC  ACID  AND  ITS  DERIVATIVES 

A.  N.  Kost  and  A.  P.  Terentyev 


6  -Ketonitrlles,  obtained  by  cyanoethylatlon  of  ketones,  can  serve  as  starting  substances  for  synthesis  of  a 
series  of  heterocyclic  systems,  namely,  piperidines  [1],  a-piperidones  [2],  pyrrolines  [3]  and  lactones  [4]. 

We  previously  described  the  hydrolysis  of  6 -ketonitriles  to  the  corresponding  amides  [31.  In  the  case  of 
y-benzoylcapronitrile  (I),  which  is  formed  by  the  action  of  acrylonitrile  on  butyrophenone,  we  failed  to  obtain 
the  amide.  Hydrolysis  with  hydrogen  peroxide  gave  an  oil  which  did  not  crystallize  after  standing  for  a  year  and 
which  changed  into  the  unsaturated  lactam  (II)  during  vacuum  distillation.  Hydrolysis  of  nitrile  (I)  with  hydro¬ 
chloric  acid  gave  y-l)enzoylca pronitrile  (III),  which  on  distillation  with  hydrochloric  acid  and  magnesium  sulfate 
was  transformed  into  the  unsaturated  lactone  (IV).  This  lactone,  just  like  the  ethyl  ester  of  y-benzoylcaproic 
acid  (V),  gives  the  same  lactone  (II)  on  ammonolysis. 


CH 


CaHfi-CH 


a\ 


CH2 

CN 


.gHfi-dH 


CH, 


»2\  ^ 
CHj 

CeHs— CO  COOH 

(HI) 


CbHs-CO 

0) 

C2H5-CH  CH2 

CgHg-CO  ioOCaHfi 
(V) 

*  r  H  I  '_o  ^ 

(IV) 


/CH2V 

C2H5-CH  Ch, 


CgHs— (io  CONH2 

NHj  C2H5- 


5  - vy 

H  <»> 


EXPERIMENTAL 

y-Benzoylcapronitrile  (I).  10.6  g  acrylonitrile  was  added  dropwise  in  the  course  of  1/2  hour  to  a  mixture 

of  50  g  butyrophenone  and  sodium  ethoxide  (0.2  g  sodium  in  5  ml  alcohol)  with  stirring.  Stirring  was  then  contin¬ 
ued  for  an  hour  at  room  temperature;  the  mixture  was  left  overnight,  carefully  neutralized  with  glacial  acetic 
acid  and  distilled  in  vacuum.  Original  butyrophenone  (b.  p.  85-90*  at  4  mm)  came  over  first,  followed  by  25  g 
(62%)  of  nitrile  (I)  with  b.  p.  155-160"  (5  mm).  After  a  second  distillation  the  suljstance  had  the  constants: 

B.  p.  153-154*  (4  mm),  ng  1.5232,  df  1.0420.  MRq  59.02;  calc.  58.74. 

Found  %:  N  7.16.  7.37.  C13H15ON.  Calculated  %:  N  6.96. 

y-Benzoylcaproic  acid  (111).  A  mixture  of  8.0  g  nitrile  (I)  and  100  ml  concentrated  hydrochloric  acid  was 
boiled  40  hours.  It  was  then  diluted  to  double  the  volume  with  water  and  extracted  with  ether;  the  extract  was 
washed  with  aqueous  alkali  and  the  alkali  extract  was  strongly  acidified  and  again  extracted  with  ether.  After 
removal  of  the  ether,  the  residue  was  distilled  in  vacuum  to  give  8.0  g  (92%)  acid  (III): 
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B.  p.  214* (7  mm),  ng  1.5270,  df  1,1183,  MRd  60.55;Calr..60.18. 

Found  C  70.90,  71,07;  H  7.42.  7.59,  CuHi,Oj.  Calculated  C  70.88;  H  7.32. 

Ethyl  ester  of  y-benzoylcaprolc  acid  (V).  5.5  g  acid  (III),  7  ml  anhydrous  ethyl  alcohol  and  0.05  g  p- 
toluenesulfonic  acid  were  boiled  12  hours.  5  ml  toluene  was  then  added,  the  water,  alcohol  and  toluene  were 
distilled  off  at  68-70*.  another  7  ml  alcohol  was  added,  and  the  operation  was  repeated.  After  extraction  with 
alcohol,  washing  with  saturated  sodium  carbonate  solution,  drying  with  S'^dium  sulfate  and  distilling,  3.24  g  (S2<|f.}) 
of  ester  (V)  was  obtained: 

B.  p.  170-171*  (8  mm),  ng  1.5052.  df  1.0512,  MBp  70.06;Calc.69,63. 

Found  ojo:  C  72.27,  72.49;  H  8.08,  8.17.  CjiH^O,.  Calculated  C  72.55;  H  8.12.  . 

3-Ethyl-2-phenyl-4.5-dthydropyrone-6  (IV).  To  a  solution  of  10  g  of  acid  (III)  in  50  ml  ether  was  added 
3  ml  concentrated  hydrochloric  acid  and  1  g  anhydrous  magnesium  sulfate.  The  mixture  was  boiled  1  hour,  the 
ether  was  driven  off.  and  the  residue  was  distilled  in  vacuum.  Yield  6.1  g  (67%)  unsaturated  6  -lactone  (IV); 

B.  p.  183-185*  (20  mm),  ng  1.5440,  df  1.1117,  MRd  57.43;  Calc.  57.62. 

Found  %:  C  77.29,  77.37;  H  6.98,  7.03.  C^HmO,.  Calculated  %:  C  77.20;  H  6.98. 

3-Etbyl-3-phenyI-4,5-dihydfopyridone-6  (II).  Shaking  of  lactone  (IV)  with  a  fivefold  molar  amount  of  30% 
aqueous  ammonia  gave  the  unsaturated  lactam  (II)  in  79%  yield,  m,  p.  110-110,5*  (from  ether). 

Found  %;  C  77.34,  77,54;  H  7.48,  7.57.  CuHijON.  Calculated  %;  C  77.58;  H  7.51. 

The  same  substance  was  similarly  prepared  (yield  62%)  from  ester  (V).  Saponification  of  nitrile  (I)  v/ith 
alkaline  hydrogen  peroxide  by  the  previously  described  procedure  [3]  gave  a  non -crystallizing  oil  from  which  by 
vacuum  distillation  was  obtained  a  small  amount  cf  acid  (III)  and  a  50%  yield  of  the  unsaturated  lactam  (II), 
b.  p.  174*  (3mm),  m,  p.  110*  (from  ether).  The  latter  does  not  give  a  depression  of  melting  point  In  admixture 
with  the  product  of  ammonolysis  of  the  lactone(II)  or  ester  (V). 

SUMMARY 

The  synthesis  of  y-benzoylcaproic  acid  and  of  some  of  its  cyclic  and  acyclic  derivatives  is  described. 
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SYNTHESIS  OF  SOME  HALO  DERIVATIVES  OF  BENZOPHENONE 


B.  V.  Tronov  and  E.  S.  Novikova 


The  method  of  iodination  of  aromatic  compounds  in  presence  of  nitric -sulfuric  nitrating  mixture,  developed 
in  our  laboratory  [1],  has  made  m-iodobenzoic  acid  a  readily  accessible  substance.  It  appeared  of  interest  to 
prepare  a  series  of  previously  unknown  derivatives  of  this  acid. 

In  the  present  paper  we  describe  the  synthesis  of  some  ketones  by  the  Friedel -Crafts  method  from  m-iodo- 
benzoyl  chloride  and  various  aromatic  compounds  (Table  1).  Comparison  of  the  quantitative  results  of  the  syn¬ 
theses  showed  that  hydrocarbons  (naphthalene,  toluene,  benzene)  react  the  most  easily  with  the  acid  chloride, 
monohalo  derivatives  of  benzene  react  with  more  difficulty,  and  dihalo  derivatives  react  with  still  greater  diffi¬ 
culty;  p-diiodobenzene  gave  a  higher  yield  of  ketone  than  dibromobenzene,  while  dichlorobenzene  did  not  react 
at  all.  The  structure  of  the  ketones  was  determined  by  alkaline  cleavage.  Ketones  prepared  from  monohaloben- 
zenes  cleaved  to  iodobenzene  and  the  p-halo-substututed  benzoic  acid,  i.  e.  the  synthesis  had  gone  with  substi¬ 
tution  of  the  hydrogen  in  the  para  position  to  the  halogen.  It  was  also  significant  that  m-iodophenol  was  mote 
easily  detached  from  the  carbonyl  carbon  than  p-iodophenol.  Oximes  and  semicarbazones  were  prepared  from 
the  majority  of  the  ketones.  Treatment  with  phenylhydrazine  did  not  lead  to  easily  separatable  crystalline  prod¬ 
ucts. 

EXPERIMENTAL 

Preparation  of  m-iodobenzoyl  chloride  [2],  Equimolar  amounts  of  acid  and  PCI5  were  heated  at  130-135* 
on  an  oil  bath  for  half  an  hour.  POCI3  was  driven  off  by  distillation  on  a  water  bath  under  reduced  pressure,  and 
then  the  acid  chloride  was  distilled  off  (b.  p.  159-160*  at  23  mm;  liquid  at  the  ordinary  temperature). 

Synthesis  of  ketones.  In  the  course  of  30  minutes  3,6  g  anhydrous  aluminum  chloride  was  introduced  in 
small  portions  into  a  mixture  of  6,7  g  m-iodobenzoyl  chloride  and  excess  of  the  other  reactant  (e,  g.  5.9  g 
benzene).  The  mixture  was  heated  on  a  water  bath  at  50*.  The  end  of  the  reaction  was  indicated  by  cessation 
of  evolution  of  hydrogen  chloride.  The  ketone  was  separated  by  pouring  the  reaction  mixture  into  200  ml  ethyl 
alcohol  cooled  with  ice  and  salt.  The  precipitate  was  recrystallized  from  alcohol. 

The  ketones  are  colorless,  crystalline  substances,  soluble  in  benzene,  ether,  and  hot  alcohol.  Results  of 
analyses  are  presented  in  Table  2. 

Determination  of  structure  of  the  ketones.  A  weighed  sample  of  ketone  was  heated  with  a  mixture  of  NaOH 
and  KOH  at  250*  for  3  hours;  distillation  gave  iodobenzene.  Thus,  3.08  g  iodobenzophenone  gave  0.8  g  C5H5I 
with  b,  p.  189®,  df  1.8,  iodine  content  60.2  <7o,  calculated  60.8%.  The  cooled  melt  was  leached  out  with  water. 
Treatment  of  the  aqueous  solution  with  dilute  sulfuric  acid  brought  dov/n  the  free  aromatic  acids  which  were 
purified  by  sublimation  or  crystallization.  m-ICeH4COC6H5  gave  benzoic  acid;  m-IC5H4COC6H4Cl  gave  p-chloro- 
benzoic  acid  with  m.  p.  234-235*;  found  halogen  23.5%,  M  155.1;  calculated  halogen  22.7%,  M  156.5. 
m-IC6H4COC6H4l  gave  p-iodobenzoic  acid  with  m.  p.  270*;  found  iodine  51%,  M  248.4;  calculated  iodine  51.1%, 

M  247.9. 

Oximes  and  semicarbazones  of  the  ketones  were  prepared  by  heating  the  ketones  with  hydroxylamine  hydro¬ 
chloride  and  semicarbazide  hydrochloride  and  sodium  acetate  in  alcoholic  solution.  They  were  purified  by 
crystallization  from  alcohol.  Melting  points  are  listed  in  Table  1  and  analyses  in  Table  3. 
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TABLE  2 
Analysis  of  Ketones 


Ketone 

Found  1 

Calculated 

Formula 

1 

No. 

halogen  ('Vo)  j 

M 

halogen  (').) 

M 

1 

C,3H»01 . 

41.88 

304.1 

41.20 

308.0 

2 

CwHiiOI . 

38.44 

320.1 

39.41 

321.9 

3 

C^HiiOI . 

36.00 

353.6 

35.40 

358.9 

4 

c,3H«ofi . { 

5.49  (F) 
38.80  (I) 

322.1 

5.82  (F) 
38.51  (I) 

325.9 

5 

CnHsOClI . 

46.50 

344.0 

47.40 

342.5 

6 

CnHgOBrI . 

53.40 

387.0 

53.90 

386.9 

7 

C]3HpOl2  . 

56.50 

433.9 

57.10 

433.8 

9 

C^HvOBral  . . 

61.44 

466.0 

61.65 

465.7 

10 

C13H7OI3 . 

67.61 

556.9 

68.01 

559.7 

TABLE  3 


Analysis  of  Derivatives  of  Ketones 


Ketone 

No. 

Derivative 

Formula 

1  Calculated  (%) 

halogen 

nitrogen 

halogen 

nitrogen 

1  / 

Oxime 

CisHflONI 

39.1 

4.2 

39.42 

4.34 

1 

Semicarbazone 

C14H12ON3I 

33.99 

11.3 

34.46 

11.56 

2  / 

Oxime 

Ci^HiaONI 

37.10 

3.85 

37.66 

4.15 

^  1 

Semicarbazone 

C15HUON3I 

33.12 

10.92 

33.49 

11.09 

4  / 

Oxime 

C13H9ONFI 

5.30 

3.99 

5.57 

4.10 

1 

Semicarbazone 

Ci4H„ON3n 

4.85 

10.57 

4.9(F) 

10.88 

5  J 

Oxime 

C,3HaONClI 

45.30 

3.75 

45.41 

3.91 

Semicarbazone 

Ci4HjiON3d  I 

40.69 

10.57 

40.66 

10.51 

6  1 

Oxime 

CisHflONBrl 

51.5 

3.47 

51.34 

3.36 

Semicarbazone 

Ci4H„ON3BrI 

46.77 

9.17 

46.66 

9.46 

7  / 

Oxime 

C13H9ONI2 

56.76 

3.36 

56.55 

3.47 

^  \ 

Semicarbazone 

Q4H11ON3I2 

51.76 

8.26 

51.71 

8.55 

I 


SUMMA  RY 

A  study  was  made  of  the  reaction  of  m-iodobenzoyl  chloride  with  some  aromatic  hydrocarbons  and  halo 
derivatives  in  presence  of  alumininn  chloride. 
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THE  SULFONATION  OF  2 -CHLORONA PHT HALENE 


I.  SULFONATION  AT  LOW  TEMPERATURE 

N.  N.  Vorozhtsov,  Jr.,  and  N.  N.  Karandasheva 

Sulfonation  of  2-chloronaphthalene  was  performed  by  Arnell  and  by  Armstrong  and  Wynne  with  oleum  at 
130-140°  [1]  and  with  chlorosulfonic  acid  in  the  cold  [2,  3];  the  products  were  identified  as  2-chloronaphthalene - 
8-sulfonic  acid  and  2-chloronaphthalene -6 -sulfonic  acid;  the  amount  of  the  latter  increases  with  rising  tempera¬ 
ture  and  duration  of  sulfonation.  Sulfonation  of  2-bromonaphthalene  with  chlorosulfonic  acid  similarly  gave 
2 -bromonaphthalene- 8 -sulfonic  acid  and  2-bromonaphthalene -6 -sulfonic  acid  [2,  4,  5].  Sulfonation  of  2-iodo- 
naphthalene  under  the  same  conditions  led  to  2-iodonaphthalene-8-  and -5 -sulfonic  acids  [2,  5,  6],  but  heating 
of  the  products  of  sulfonation  for  5  hours  at  150*  converted  both  acids  into  2-iodonaphthalene-6-sulfonic  acid. 
Armstrong  and  Wynne,  in  the  light  of  these  results,  suggested  the  possibility  of  formation  of  the  5 -sulfonic  acid 
during  sulfonation  of  all  the  three  2-halonaphthalenes.  In  their  opinion,  however,  2-bromo-  and  2-chloronaph¬ 
thalene -5 -sulfonic  acids  are  unstable  and  rearrange  even  in  the  cold  to  the  6-sulfonic  acids,  whereas  rearrangement 
of  2 -iodonai^thalene -5 -sulfonic  acid  occurs  only  at  150*  [6].  The  papers  cited  do  not  give  a  complete  picture 
of  the  sulfonation  of  2-chloronaphthalene.  The  sulfonation  with  monohydrate  and  with  oleum  at  low  temperature, 
a  matter  of  practical  interest,  remained  uninvestigated.  Furhter  work  was  also  needed  on  the  authors’s  method 
of  fractionation  of  the  mixture  of  products  of  sulfonation.  Their  method  was  based  on  the  differing  solubilities 
of  the  lead  or  potassium  salts  of  the  sulfonic  acids  without  subsequent  fractional  crystallization  of  the  chlorides 
prepared  from  them. 

We  treated,  2-chloronaphthalene  with  monohydrate  at  20*  and  obtained  2-chloronaphthalene -8 -sulfonic 
acid  (approx.  70«7o)  and  2-chloronaphthalene-5-sulfonic  acid  (approx.  30%)  (Experiment  1).  Contrary  to  the 
opinion  of  Armstrong  and  Wynne,  2-chloronaphthalene -5 -sulfonic  acid  was  relatively  stable  under  the  conditions 
of  sulfonation.  Thus,  the  content  of  5 -sulfonic  acid  in  the  above  mixture  hardly  changed  when  heated  for  5  hours 
at  70-75°,  although  the  content  of  the  8-sulfonic  acid  changed  appreciably  due  to  concomitant  processes  of  sul¬ 
fonation  to  2-chloronaphthalene-6,8-disulfonic  acid  and  isomerization  to  2-chloronaphthalene -6 -sulfonic  acid 
(Experiments  2  and  3).  The  action  of  oleum  on  the  same  sulfonic  acid  mass  lowered  the  content  of  the  5 -sulfonic 
acid  to  16%.  while  the  8-sulfonic  acid  disappeared  completely.  Increase  in  the  duration  of  sulfonation  with 
monohydrate  to  1460  hours  led  to  complete  disappearance  of  the  5 -sulfonic  acid  (Experiment  5). 

When  the  anhydrous  potassium  salt  of  2-chloronaphthalene -5 -sulfonic  acid  was  introduced  into  monohydrate, 
no  appreciable  isomerization  occurred  after  24  hours  at  20*  or  3  hours  at  50*  (Experiment  6).  After  22  hours  in 
weak  oleum  at  20°,  the  5-sulfonic  acid  was  sulfonated  to  2-chloronaphthalene-5,7-disulfonic  acid,  although  here 
again  no  appreciable  isomerization  took  place  (Experiment  7). 

We  failed  to  isolate  2-chloronaphthalene -1-sulfonic  acid  from  the  mixture  of  reaction  products.  In  order 
to  establish  whether  the  failure  of  this  attempt  to  isolate  the  acid  was  due  to  its  instability,  we  investigated  the 
reaction  of  the  anhydrous  potassium  salt  of  2-chloronaphthalene-l-sulfonic  acid  with  monohydrate  for  20  hours 
at  20*.  This  reaction  gave  a  considerable  amount  of  2-chloronaphthalene-l,5-disulfonic  acid  and  a  small  amount 
of  2-chloronaphthalene -8 -sulfonic  acid;  about  half  of  the  2-chloronaphthalene-l-sulfonic  acid  taken  in  the 
reaction  was  unchanged  (Experiment  8).  It  can  be  assumed  that  2-chloronaphthalene-l-sulfonic  acid  is  generally 
not  formed  when  2-chloronaphthalene  is  sulfonated  with  monohydrate  at  room  temperature;  if  the  contrary  was  the 
case,  it  should  have  been  possible  to  detect  either  the  sufficiently  stable  1-sulfonic  acid  or  the  product  of  its 
sulfonation  —  2-chloronaphthalene -1,5 -disulfonic  acid. 
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EXPERIMENTAL 


The  2-chloronaphthalene  used  for  the  experiments  was  obtained  by  isomerization  of  1-chloronaphthalene 
[7]  and  was  distilled  and  recrystallized  several  times  from  methanol;  solidification  point  56.9*,  m.  p.  57.7-58.0*. 
Sulfonation  was  conducted  in  a  three -necked  flask  with  stirring.  At  the  conclusion  of  sulfonation,  the  sulfonated 
mass  was  poured  into  a  mixture  of  water  and  ice  and  neutralized  with  calcium  carbonate.  Potassium  carbonate 
was  added  to  the  filtrate  from  the  gypsum  and  the  solution  of  potassium  salts,  after  filtration  from  calcium  car¬ 
bonate,  was  fractionally  crystallized  by  evaporation.  The  fractions  of  potassium  salts  obtained  in  this  fashion 
were  mixtures  of  salts  of  the  sulfonic  acids.  Simple  recrystallization  of  the  potassium  salts  generally  failed  to 
completely  separate  the  sulfonic  acids.  The  best  separation  of  the  mixture  of  sulfonation  products  was  achieved  * 
by  fractional  crystallization  of  the  potassium  salts  of  the  sulfonic  acids  into  2-4  fractions  followed  by  fractional 
crystallization  of  the  chlorides  prepared  from  them.  The  potassium  salts  of  the  sulfonic  acids  were  converted 
into  chlorides  by  treatment  with  phosphorus  pentachloride  at  100-110*  in  the  case  of  monosulfonic  acids  and  at 
120-130"  in  the  case  of  disulfonic  acids.  The  crude  sulfochloride  was  recrystallized  several  times  from  glacial 
acetic  acid  (7-10  ml  solvent  for  1  g  chloride).  The  mother  liquor,  containing  the  more  soluble  chloride,  was 
diluted  with  water  (1 ;  1)  and  the  resultant  precipitate  recrystallized  from  dilute  acetic  acid  (1:1).  If  the  crude 
chloride  consisted  of  a  low-melting  mixture  which  could  not  be  recrystallized  from  acetic  acid  and  other  solvents 
(benzene,  dichloroethane),  then  the  mixture  of  chlorides  was  converted  into  a  mixture  of  anilides  or  amides;  the 
latter  in  turn  were  subjected  to  fractional  ctystallization  (from  alcohol,  benzene,  dichloroethane,  carbon  tetra¬ 
chloride).  Amides  and  anilides  were  prepared  from  the  chlorides  by  the  normal  method.  Their  identity  was  con¬ 
firmed  by  determination  of  the  mixed  melting  points  of  each  of  the  prepared  crystalline  chlorides,  amides  and 
anilides  with  chlorides,  amides  and  anilides  of  sulfonic  acids  of  2-chloronaphthalene  of  known  structure,  synthes¬ 
ized  from  the  corresponding  sulfonic  acids  of  2-naphthylamine  via  the  diazo  compounds.  Below  we  describe  the 
derivatives  of  the  sulfonic  acids  of  2-chloronaphthalene  that  were  obtained  in  this  fashion. 

2 -Chloronaphthalene-1 -sulfonic  acid.  The  benzylthiuronium  salt  -  rectangular  plates  (from  methyl  alcohol), 
m.  p.  188.2*  (all  melting  points  were  determined  with  a  calibrated  shortened  thermometer). 

Found  N  7.06.  CMH17O3N1S2CI.  Calculated  ojo:  N  6.85. 

Aniline  salt  -  long  plates  from  water,  m,  p.  above  250*  (with  decomp.). 

Found  N  4.10.  CieH^OsNSCl.  Calculated  ojoz  N  4.17. 

Chlorides  -  plates  from  glacial  acetic  acid,  m.  p.  76*;  the  literature  gives  m.  p.  74-75*  [8].  Amide  -  needles 
from  aqueous  alcohol,  m.  p.  153.8*;  the  literature  gives  m.  p.  153*  [9].  Anilide  —  tapered  needles  from  alcohol, 
m.  p.  137.2*. 

Found  ojo:  N  4.57.  CnHijOjNSCl.  Calculated  N  4.40. 

2-chloronaphthalene -5 -sulfonic  acid.  Chloride  —  needles  from  glacial  acetic  acid,  m.  p.  70";  the  litera¬ 
ture  also  gives  70"  [10,  11].  Amide  -  needles  from  aqueous  alcohol,  m.  p.  212.5*  (with  decotnp.);  the  literature 
gives  214*  [9-11].  Anilide  —  long  plates  from  aqueous  alcohol,  m.  p.  172.5". 

Found  N  4.55.  CisHuOjNSa.  Calculated  N  4.40. 

2 -Chloronaphthalene -6 -sulfonic  acid.  Benzylthiuronium  salt  -  needles  from  methyl  alcohol,  m.  p.  194,2*. 

Found  ojo:  N  6.993.  CmHitOsNjSiCI.  Calculated  ojo:  N  6.85. 

Chloride  -  prisms  from  glacial  acetic  acid,  m.  p.  110*;  the  literature  gives  109*  [8]  and  110*  [12].  Amide  - 
needles  from  aqueous  alcohol,  m.  p.  185.6";  the  literature  gives  184*  [9,  12].  Anilide  —  needles  from  aqueous 
alcohol,  m.  p.  121.5*. 

Found  ojo-.  N  4.47.  CwHijOiNSa.  Calculated  N  4.40. 

2-Chloronaphthalene -7 -sulfonic  acid.  Chloride  —  tablets  from  dilute  acetic  acid,  m.  p.  86*;  the  literature 
gives  86.5*  [10,  13],  84.5-85*  [8].  Amide  -  needles  from  aqueous  alcohol,  m.  p.  178®;  the  literature  gives  176" 

[9,  10,  13].  Anilide  —  rectangular  plates  from  aqueous  alcohol,  m.  p.  147.4*. 

Found  <5b:  N  4.32.  CuHuOjNSQ.  Calculated  ojo:  N  4.40. 
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2 -Chloronaphthalene -8 -sulfonic  add.  Benzylthiuronlum  salt  -  radially  grouped  needles  from  aqueous 
alcohol,  m.  p.  146.5*. 

Found  N  6.96.  C|i;Hi;0-N,S2Cl.  Calculated  N  6.85, 

Anili  le  salt  -  long  plates  fri-m  \;ater,  m.  p.  248-249*. 

Found  era;  N4,31.  CigHnOjNSCl.  Calculated  <7*:  N  4.17. 

Chloride  -  needles  from  glacial  acetic  acid,  m.  p.  132*;  fS,  11,  12],  124-126"  [14],  Amide- 
needles  from  aqueous  alcohol,  m.  p.  237*;  the  literature  gives  235*  [8,  9,  11  12],  231-232*  [14].  Anilide  -  long 
plates  from  aqueous  alcohol,  m.  p.  157*. 

Found  N  4.54.  CigHi^OzNSCl.  Calculated  N  4.40. 

2-Chloronaphthalene-l,5-disulfomc  acid.  Dichloride  —  long  plates  from  glacial  acetic  acid,  m.  p.  160"; 
the  literature  gives  m.  p.  158*  [15].  Dianilide-needles  from  alcohol,  m.  p.  239’. 

Found  N  5..80,  C22Hi704N2S2Cl.  Calculated  t;!):  N  5.92. 

2-Chloronaphthalene  -5,7  -dlsulfonic  acid.  Dichloride  -  needles  from  glacial  acetic  acid,  m.  p.  157*; 
the  literature  gives  m.  p.  156*  [11,  15].  Diamlde  -  needles  from  alcohol,  m.  p,  above  300*. 

Found  Vo:  N  8.81.  CioH,04N2S2Cl.  Calculated  V»:  N  8.74. 

Dianllide  -  long  plates  from  aqueous  alcohol,  m,  p.  207.5*;  the  literature  gives  m.  p.  206*  [9]. 

2-Chloronaphthalene-6,8-disulfonic  acid.  Dichloride  -  needles  from  glacial  acetic  ^cid,  m.  p.  173*;  litera¬ 
ture  m.  p.  170*  [11,  15].  Diamlde  -  long  plates  from  aqueous  alcohol,  m.  p.  269*  (with  decomp.);  the  literature 
gives  250*  [15].  Dianilide  -  rhombic  plates  from  aqueous  alcohol,  m.  p.  193*;  the  literature  gives  m.  p.  192*  [9], 

Sulfonatlon  of  2-chloronaphthalene  with  monohydrate  at  20*.  Experiment  1.  To  35.3  g  100V>  monohydrate 
(0.36  mole)  was  added  9.8  g  2-chloronaphthalene  (0.06  mole).  Sulfonatlon  at  20*  was  performed  for  3  hours. 

Crystals  began  to  come  down  in  the  sulfonic  acid  mass  2  hours  after  the  start  of  the  experiment.  The  sulfonic 
acid  mass  was  worked  up  to  give  three  fractions  of  potassium  salts  of  sulfonic  acids  of  2-chloronaj^thalene.  The 
1st  fraction  of  potassium  salts  (5.10  g)  was  converted  into  2.18  g  of  a  mixture  of  chlorides;  fractional  crystalliza¬ 
tions  of  the  latter  gave  0.75  chloride  less  soluble  in  glacial  acetic  acid,  m.  p.  132*  (2-chloronaphthalene -8- 
sulfochloride).  Dilution  of  the  mother  liquors  with  water  brought  down  a  more -soluble  low-melting  chloride  which 
was  transformed  into  the  amide  (0.60  g),  with  m.  p.  207-208*;  a  mixed  sample  with  authentic  2-chloronaphthalene- 
5-sulfamide  had  m.  p.  210*.  Of  the  9.60  g  of  potassium  salts  of  the  2nd  fraction,  4.00  g  was  converted  into  3.50  g 
of  a  mixture  of  chlorides;  fractional  crystallizations  of  the  latter  from  glacial  acetic  acid  gave  1.40  g  chloride 
with  m.  p,  132*,  and  a  low-melting,  more  soluble  chloride  which  was  converted  into  0.40  g  anilide.  Fractional 
crystallization  of  the  latter  from  alcohol  and  aqueous  alcohol  gave  3  fractions  of  anilide  with  m.  p.  171-171.5*. 
168-168.5*  and  171.5-172*;  the  melting  points  of  mixed  samples  of  each  fraction  with  authentic  2-chloronaphthalenc 
5-sulfanilide  were  172,  170-170.5  and  172*.  The  3rd  fraction  of  potassium  salts  (4.50  g)  was  converted  into  4.32  g 
of  a  mixture  of  chlorides  from  which  after  fractional  crystallization  was  obtained  2.20  g  of  a  chloride  with  m.  p. 
130:5-131.5*  and  a  more  soluble,  low-melting  chloride  which  was  converted  into  1.05  g  amide  with  m.  p.  212*; 
a  mixture  with  2-chloronaphthalene -5 -sulfamide  had  m.  p.  212*.  Consequently,  the  main  products  of  sulfonatlon 
are  2'chloronaphthalene-8-sulfonic  acid  (approx.  70V>)  and  2-chloronaphthalene-5-sulfonic  acid  (approx.  30Vo). 

Experiment  2.  The  sulfonic  acid  mass  obtained  under  the  conditions  of  Experiment  1  (the  charge  of  2- 
chloronaphthalene  was  0.03  mole)  was  stirred  for  3  hours  at  20*  and  then  heated  1  hour  at  70*.  From  the  1st  frac¬ 
tion  of  potassium  salts  (6.7  g)  was  obtained  4.58  g  of  a  mixture  of  chlorides  of  2-chloronaphthalene -8 -sulfonic 
acid  and  2-chloronaphthalene -5 -sulfonic  acid  in  the  ratio  of  4 : 1;  from  the  2nd  fraction  of  potassium  salts  (5.2  g) 
was  obtained  2.86  g  of  a  mixture  of  chlorides  of  the  same  acids  in  the  ratio  of  3 : 1.  The  main  components  of  the 
mixture  were  2-chloronaphthalene -8-sulfonic  acid  (approx.  78V»)  and  2-chloronaphthalene -5 -sulfonic  acid  (approx. 
22«5!,). 

Experiment  3.  The  sulfonated  mass  obtained  under  the  conditions  of  Experiment  1  (amount  of  2-chloronaph¬ 
thalene  0.03  mole)  was  stirred  5  hours  at  70-75*.  Two  fractions  of  potassium  salts  of  sulfonic  acids  were  obtained. 
The  1st  fraction  (3.24  g)  was  transformed  into  3.08  g  of  a  mixture  of  chlorides.  Fractional  crystallization  of  the 
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chlorides  less  soluble  in  glacial  acetic  acid  gave  fractions  (total  weight  0.58  g)  with  m.  p.  110-111,  106-107.5, 
and  111*:  mixed  samples  with  authentic  2-chloronaphthalene-6-sulfochloride  had  m.  p.  110.5*,  108-108.7*  and 
110.5*.  The  low-melting  mixture  of  chlorides  with  better  solubility  in  glacial  acetic  acid  was  converted  to  the 
anilide,  from  which  by  fractional  crystallization  from  alcohol  and  aqeuous  alcohol  were  obtained  fractions  of 
anilide  (total  weight  0.22  g)  with  m.  p.  156-156.3  and  156.5*;  the  melting  point  of  mixed  specimens  with  authen¬ 
tic  2-chloronapiithalene-8-sulfanilide  was  157*.  The  low-boiling  mixture  of  chlorides  with  the  highest  solubility 
in  glacial  acetic  acid  was  converted  to  anilide  whose  melting  point  after  recrystallization  from  alcohol  and  benzene 
was  169.5-170.5*  (0.04  g);  a  mixture  with  2-chloronaphthalene -5 -sulf anilide  had  m.  p.  171*.  The  2nd  fraction  of 
potassium  salts  (7.09  g)  was  transformed  into  4.29  g  of  a  mixture  of  chlorides.  The  chloride  (0.32  g)  least  soluble 
in  glacial  acetic  acid  had  m.  p.  169-170*  (2-chloronaphthalene-6,8-disulfochloride,  mixed  melting  point  171- 
171.5*).  The  low-melting  chloride  with  better  solubility  in  glacial  acetic  acid  was  converted  to  the  anilide  from 
which  by  fractional  crystallization  from  benzene  and  alcohol  were  obtained  two  fractions  of  anilide  (total  weight 
0.22  g)  with  m.  p.  171-171.5  and  168-169*;  mixtures  with  authentic  anilide  of  2-chloronaphthalene -5-sulfonic 
acid  had  m.  p.  172  and  170-170.5*.  Consequently,  the  mixture  of  sulfonation  products  contained  2-chloronaph- 
thalene -5 -sulfonic  acid  (approx.  23%),  2-chloronaphthalene -8-sulfonic  acid  (approx.  10%),  2-chloronaphthalene - 
6-sulfonic  acid  (approx.  30%)  and  2-chloronaphthalene -6, 8-disulfonic  acid  (approx.  37%). 

Experiment  4.  To  the  sulfonic  acid  mass  prepared  under  the  conditions  of  Experiment  1  (0.03  mole  2- 
chloronaphthalene)  was  added  4.8  g  free  SOj  (0.06  mole)  in  the  form  of  21.4%  oleum  (11.6  ml);  the  initial  concen¬ 
tration  of  the  sulfonating  agent  during  sulfonation  was  6.4%  SO3.  Stirring  was  continued  for  another  3  hours  at  20*. 
The  mass  crystallized  towards  the  end  of  the  operation.  Two  fractions  of  potassium  salts  of  2-chloronaphthalene- 
5 -sulfonic  acid  were  obtained  (0.67  and  0.76  g);  these  were  converted  via  the  chloride  into  the  amide  with  m.  p. 
214*.  In  addition  three  fractions  of  potassium  salts  of  2-chloronaphthalene-6, 8-disulfonic  acid  were  obtained 
(2.13,  8.23  and  0.72  g);  their  dichlorides  had  m.  p.  172-172.5,  172.3-172.8  and  171.8-172.3*.  The  main  compon¬ 
ents  of  the  mixture  were  2-chloronaphthalene -5 -sulfonic  acid  (approx.  16%)  and  2-chloronaphthalene -6, 8-di¬ 
sulfonic  acid  (approx.  84%). 

Experiment  5.  The  sulfonic  acid  mass  obtained  under  the  conditions  of  Experiment  1  (0.03  mole  2-chloro- 
naphthalene)  was  held  for  1460  hours  at  20-25*.  1.21  g  of  the  chloride  from  the  1st  fraction  of  potassium  salts 
1.64  g  was  fractionally  crystallized  to  give  three  fractions  which  were  identified  as  2-chloronaphthalene -6 -sul- 
fochloride  (approx.  16%).  The  chloride  (4.40,  0.69  and  1.26  g)  from  the  2nd,  3rd  and  4th  fractions  of  potassium 
salts  (5.10,  0.78  and  2.37  g)  was  fractionally  crystallized  and  identified  as  2-chloronaphthalene -8 -sulf ochloride 
(approx.  84%). 

Sulfonation  of  2-chloronaphthalene -5 -sulfonic  acid.  Experiment  6.  To  14.7  g  of  100%  monohydrate 
(0.15  mole)  was  added  4.21  g  of  the  anhydrous  potassium  salt  of  2-chloronaphthalene -5 -sulfonic  acid  (0.015  mole). 
Stirring  at  20*  was  continued  for  24  hours.  Unchanged  2-chloronaphthalene-5-sulfonic  acid  was  found  after 
fractional  crystallization  of  the  chlorides  (3.75  g)  and  of  the  anilides  derived  from  them  in  all  8  fractions.  This 
sulfonic  acid  remained  unchanged  also  when  its  solution  was  heated  in  monohydrate  of  the  above  composition 
for  3  hours  at  50*. 

Experiment  7.  To  28.79  g  of  8.3%  oleum  (2.4  g  free  SO3.  0.03  mole)  was  added  8.43  g  anhydrous  potassium 
salt  of  2-chloronaphthalene -5 -sulfonic  acid.  Stirring  at  20*  was  continued  for  22  hours.  The  1st  and  2nd  fractions 
of  potassium  salts  yielded  4.69  g  chloride  which  was  converted  to  the  anilide.  Fractional  crystallization  of  the 
latter  gave  9  fractions  of  the  anilide  of  unchanged  2-chloronaphthalene -5 -sulfonic  acid  (approx.  60%).  The  chloride 
(3.95  g)  from  the  3rd  fraction  of  potassium  salts  was  identified  after  fractional  crystallization  as  pure  2-chloro- 
naphthalene-5,7-disulfochloride  (approx.  40%). 

Sulfonation  of  2-chloronaphthalene -1 -sulfonic  acid.  Experiment  8.  To  14.7  g  100%  monohydrate  (0.15 
mole)  was  added  4.21  g  anhydrous  potassium  salt  of  2-chloronaphthalene -l-sulfonic  acid  (0.015  mole).  Stirring 
at  20*  was  continued  for  20  hours.  Two  fractions  of  potassium  salts  were  obtained.  The  1st  fraction  of  potassium 
salts  (2.69  g)  was  transformed  into  2.10  g  (approx.  54%)  low-melting  chlorides.  The  low-melting  chloride  less 
soluble  in  glacial  acetic  acid  was  converted  to  the  anilide  from  which  by  fractional  crystallization  (from  carbon 
tetrachloride)  were  obtained  fractions  with  m.  p.  137  and  134-135*;  the  melting  points  of  mixtures  with  authentic 
2-chloronaphthalene-l-sulfanilide  were  137  and  134-135*.  The  chloride  more  soluble  in  glacial  acetic  acid 
had,  after  recrystallization,  m.  p.  130.5-131.5*;  the  mixture  with  2-chloronaphthalene-8-sulfochloride  had  m.  p. 
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131.7*.  The  2nd  fraction  of  potassium  salts  (4.99  g)  was  transformed  into  2.28  g  (approx.  42<7o)  of  low-melting 
chloride  which  was  then  converted  to  the  anilide.  After  numerous  recrystallizations  (from  carbon  tetrachloride 
and  benzene)  the  anilide  had  m.  p.  237.5-238.5* (2-chloronaphthalene-l,5-disulfanilide,  melting  point  of  mixed 
specimen  239*).  The  mixture  of  products  of  sulfonation  of  2 -chloronaphthalene-1 -sulfonic  acid  contained,  apart 
from  unchanged  starting  substance,  2-chloronaphthalene-8-sulfonic  acid  and  2-chloronaphthalene-l,5-disulfonic 
acid  (approx.  AOPjo). 


SUMMARY 

1.  Sulfonation  of  2-chloronaphthalene  with  moncJiydrate  at  20*  (for  3  hours)  leads  to  2-chloronaphthalene- 
8 -sulfonic  acid  and  a  much  smaller  amount  of  2-chloronaphthalene -5 -sulfonic  acid;  the  latter  had  not  previously 
been  detected  in  the  products  of  sulfonation  of  2-chloronaphthalene.  When  the  sulfonation  period  is  prolonged  to 
1460  hours,  the  reaction  mass  contains  2-chloronaphthalene -8-sulfonic  acid  and  2-chloronaphthalene -6 -sulfonic 
acid. 


2.  Chloronaphthalene -5 -sulfonic  acid  remains  unchanged  after  treatment  with  monohydrate  at  temperatures 
up  to  50*.  Under  the  action  of  weak  oleum  at  20*,  2-chloronaphthalene -5 -sulfonic  acid  is  converted  into  2 -chloro¬ 
naphthalene -5,7 -disulfonic  acid. 

3.  Sulfonation  of  the  potassium  salt  of  2-chloronaphthalene -1-sulfonic  acid  with  monchydrate  at  20*  gives 
2-chloronaphthalene -1,5 -disulfonic  acid. 
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THE  SULFONATION  REACTION 


XXXIX.  THE  HYDROLYSIS  AND  ISOMERIZATION  OF  NAPHTHALENE  TRISULFONIC  ACIDS 
B.  I,  Karavaev  and  A.  A.  Spryskov 


In  spite  of  the  great  technical  importance  of  naphthaIene-l,3,6-trisuIfonic  acid,  no  systematic  study  of  the 
hydrolysis  and  isomerization  of  trisulfonic  acids  of  naphthalene  has  hitherto  been  undertaken.  This  is  largely  due 
to  the  lack  of  a  method  of  quantitative  determination  of  all  the  three  isomeric  trisulfonic  acids  formed  by  direct 
sulfonation  of  naphthalene.  Hydrolysis  of  the  1,3,6-trisulfonic  acid  was  observed  by  Lantz  [1]  at  180*  in  presence 
of  69.9-87.6%  sulfuric  acid.  In  another  investigation  Lantz  [2]  observed  hydrolysis  in  presence  of  64-96%  sul¬ 
furic  acid  at  176-181*.  The  same  paper  described  experiments  in  which  isomerization  of  trisulfonic  acids  occurred. 
An  attempt  to  attain  equilibrium  between  the  trisulfonic  acids  did  not  meet  with  success,  since  tetrasulfonic  acid 
was  formed  under  the  conditions  of  most  of  the  experiments. 

In  the  present  work  we  demonstrate  the  relative  stability  towards  hydrolysis  of  the  three  isomeric  trisulfonic 
acids  at  161"  and  their  isomerization  at  the  same  temperature  in  sulfuric  acid  solution.  Mixtures  were  analyzed 
by  the  method  previously  described  [3]  which  allows  determination  of  the  amount  of  1,3,6-acid  and  of  the  sum  of 
the  1,3,5-and  1,3,7-isomers. 


EXPERIMENTAL 

For  determination  of  the  relative  stability  towards  hydrolysis  of  the  isomers,  a  weighed  sample  of  the  free 
trisulfonic  acid,  containing  hydrate  water,  was  mixed  in  a  test  tube  with  the  exactly  determined  amount  of 
sulfuric  acid,  and  the  test  tube  was  sealed  off  and  heated  in  an  Eyckman  apparatus.  The  amount  of  trisulfonic 
acid  hydrolyzed  could  be  calculated  from  the  increase  in  total  acidity  after  heating  (determined  by  volumetric 
method),  or  from  the  increase  in  the  amount  of  sulfuric  acid  (determined  gravimetrically). 

Experiments  were  carried  out  in  75-78%  sulfuric  acid,  since  it  had  previously  been  found  [4]  that  in  77% 
sulfuric  acid  at  160*  disulfonic  acids  are  not  converted  either  into  mono-  or  into  trisulfonic  acids;  in  the  calcu¬ 
lations  we  therefore  assumed  that  hydrolysis  goes  to  disulfonic  acids. 

The  results  of  the  experiments  summarized  in  the  Table  show  that  the  most  labile  isomer  is  the  1,3,5 -acid, 
and  the  most  stable  one  is  the  1,3,7-acid.  1.3,6-Trisulfonic  acid  occupies  an  intermediate  position.  There  is  a 
very  considerable  difference  between  the  stabilities  of  the  1,3,5-  and  the  1,3,7-isomers  which  is  markedly  reflec¬ 
ted  in  the  velocity  of  their  isomerization. 

Isomerization  of  all  three  naphthalene  trisulfonic  acids  was  performed  in  presence  of  8-17  moles  96.1-110.3% 
sulfuric  acid.  100%  acid  was  used  in  experiments  lasting  up  to  100  hours,  but  96%  acid  was  used  when  isomeriza¬ 
tion  was  carried  out  for  100  to  450  hours  since  prolonged  heating  with  monohydrate  leads  to  formation  of  a  con¬ 
siderable  amount  of  tetrasulfonic  acid. 

Oleum  was  added  to  a  weighed  sample  of  free  trisulfonic  acid,  containing  crystal  water,  in  such  quantity 
that  after  mixing  the  concentration  of  the  sulfuric  acid  was  close  to  96  or  100%.  Heating  was  effected  continuously 
in  sealed  tubes  at  161  ±  1*.  At  the  conclusion  of  isomerization,  the  mixture  was  analyzed  for  its  content  of 
1,3,6-acid  and  for  total  1,3,5-  and  1,3, 7 -trisulfonic  acids  by  the  previously  described  method  [3]. 
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TABLE 


Hydrolysis  of  Naplithalenc  Trisiilfoiiic  Acids  at  161  ±  1* 


Isomer 

Amount  of  water  (moles 
per  mole  sulfonic  acid) 

Duration  of  heating 
(hours) 

%  of  sulfonic  acids  hydrolyzed 
(calculated  on  initial  am¬ 
ount  ) 

1.3.5- 

5.28 

10 

52.6 

1.3,6- 

6.10 

10 

9.6 

1.3.7- 

5.25 

10 

0 

1.3.5- 

5.28 

25 

76.4 

1.3.6- 

6.10 

25 

15.2 

1.3.7- 

5.25 

25 

6.0 

1.3.5- 

5.28 

35 

84.1 

1.3.6- 

6.10 

35 

37.4 

1.3.7- 

5.25 

35 

14.2 

Tetrasulfonic  acid  is  absent  from  the  reaction  mixture  after  an  isomerixation  period  of  300  hours,  as  was 
shown  by  a  blank  test  in  which  the  mixture  was  treated  with  chlorosulfonic  acid  and  the  chlorides  dissolved  in 
benzene.  Identical  results  were  obtained  in  isomerization  carried  out  for  50  hours  in  presence  of  96  and  100% 
sulhiric  acid.  This  shows  that  the  100%  acid  does  not  give  appreciable  amounts  of  tetrasulfonic  acid  in  50  hours. 


The  plotted  results  of  the  experiments  (see  Diagram)  show  that  isomerization  of  the  1.3,5-trisulfonic  acid 
goes  relatively  quickly  since  after  10  hours  the  content  of  1,3,6-isomer  reaches  60%.  The  1,3,7-acid  is  kinetically 
the  most  stable  isomer.  In  harmony  with  conclusions  previously  reached  by  us  [4],  the  velocity  of  its  formation 
is  evidently  much  lower  than  that  of  the  velocity  of  formation  of  the  1,3,6-isomer,  and  this  also  leads  predominant 
ly  to  formation  of  the  1,3.6-isomer  during  isomerization  of  the  1,3,5-acid.  The  content  of  the  1.3,6-isomer 
reaches  a  maximum  after  50-60  hours  and  then  slowly  falls,  due  to  partial  transformation  into  the  kinetically 
more  stable  1,3,7-isomer.  The  system  tends  toward  an  equilibrium  which,  however,  is  established  with  extreme 
slowness. 


Isomerization  curves  of  the  trisulfonic  acids.  1)  1,3,5 
isomer,  2)  1,3,6-isomer,  3)  1,3,7-isomer. 


Isomerization  of  the  1,3, 6 -acid  goes  very 
much  more  slowly,  so  that  after  10  hours  the  con¬ 
tent  of  1,3,6-isomer  falls  to  82%.  This  is  followed 
by  a  still  slower  change  of  composition  with  accum¬ 
ulation,  evidently,  of  the  1,3,7-acid. 

A  state  fairly  close  toequilibrium  is  reached 
in  the  above  experiments.  Thus,  after  isomeriza¬ 
tion  for  446  hours,  the  1,3,5-trisulfonic  acid  is 
transformed  into  a  mixture  containing  63.2%  of 
the  1,3,6-isomer.  The  1,3,6-acid  was  converted 
into  a  mixture  containing  65.1%  of  1,3,6-isomer, 
and  the  1,3,7 -acid  into  a  mixture  containing 
61.5%  1,3,6-isomer.  The  isomerization  curves  of 
all  three  trisulfonic  acids  tend  to  converge  in 
course  of  time.  Extrapolation  of  the  results  justi¬ 
fies  the  conclusion  that  at  the  equilibrium  state, 
which  might  be  reached  after  550-600  hours,  the 
mixture  will  contain  about  63%  1,3,6 -acid  and 
37%  1,3,5-  and  1,3,7-acids.  Consequently,  the 
1,3, 6 -isomer,  whose  kinetic  stability  is  intermed¬ 
iate  between  that  of  the  other  two  isomers  and  which 
is  more  labile  than  the  1,3,7-isomer,  is  thermody¬ 
namically  the  most  stable  isomer  since  the  velocity 
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of  Its  formation  exceeds  the  velocity  of  formation  of  the  1,3, 7 -isomer.  The  lack  of  methods  of  individual  deter¬ 
mination  of  the  1,3,5-  and  the  1,3,7-acids  prevents  us  from  drawing  a  more  precise  picture  of  the  composition 
of  the  mixtures  formed  on  isomerization. 

In  the  manufacture  of  l,8-aminonaphthol-3,6-disulfonic  acid,  naphthalene  is  sulfonated  with  the  objective 
of  obtaining  naphthalene-1, 3, 6-trisulfonic  acid,  and  here  the  processes  of  isomerization  of  the  trisulfonic  acids 
play  an  important  part.  Applying  the  usual  industrial  method  of  sulfonation  of  naphthalene,  we  obtained  the 
normal  sulfonic  acid  mixture.  Analysis  of  the  latter  showed  that  tetrasulfonic  acid  is  absent  and  that  the  sum  of 
the  1,3,5-  and  1,3,7 -acids  is  about  28“7o.  In  three  specimens  from  different  plant  operations  we  likewise  failed 
to  find  tetrasulfonic  acid,  and  the  content  of  the  above  trisulfonic  acids  was  27-287o.  The  1,3,5-  and  1,3,6- 
isomers  are  formed  with  higher  velocity  so  that  at  the  start  the  mixture  contains  only  little  of  the  1,3,7-acid. 

In  the  subsequent  course  of  the  process  the  1,3,5-isomer  rearranges  predominantly  to  the  1,3,6-acid,  part  cf  which 
in  turn  is  slowly  transformed  into  the  1,3,7-acid.  Consequently,  in  the  production  of  N-acid,  the  process  of  sul¬ 
fonation  should  be  interrupted  as  soon  as  the  mixture  contains  the  maximum  amount  of  1,3,6-isomer. 

The  conclusion  of  Fierz -David  and  iUchter  [5]  that  disulfonation  "should  be  so  conducted  that  mainly  only 
the  1,6-  and  2,7-acids  are  obtained,  and  therefore  that  the  1,3,6-acid  is  formed  nearly  quantitatively  as  the  end 
product  of  sulfonation"  is  erroneous. 


SUMMARY 

The  three  isomeric  naphthalene  trisulfonic  acids,  formed  by  direct  sulfonation  of  naphthalene,  were  sub¬ 
jected  to  hydrolysis  at  161*  in  presence  of  Ib-lSPjo  sulfuric  acid.  In  resistance  to  hydrolysis  the  trisulfonic  acids 
are  in  the  order:  1,3,7-  >  1,3,6-  >  1,3,5 -trisulfonic  acid. 

The  three  trisulfonic  acids  were  subjected  to  isomerization  at  161*  in  presence  of  96  and  100<7o  sulfuric 
acid.  On  starting  from  any  given  isomer,  the  system  tends  towards  an  equilibrium  at  which  the  content  cf  1,3,6- 
isomer  is  about  Q2P]o.  Consequently,  the  thermodynamically  most  stable  Isomer  is  the  1,3 ,6 -isomer,  due  to  the 
higher  velocity  of  its  formation  compared  with  that  of  the  1,3,7-Isomer. 

In  the  usual  method  of  sulfonation  of  naphthalene  to  trisulfonic  acid  in  the  production  of  N-acid,  the 
mixture  is  free  from  tetrasulfonic  acid  and  about  72%  of  the  1,3,6-isomer  is  obtained. 
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SULFONIC  ACIDS  OF  SULFONES  AS  BY-PRODUCTS  OF 


SULFONATION  REACTIONS 

II.  THE  BEHAVIOR  OF  THE  DISULFONIC  ACID  OF  DIPHENYLSULFONE 
UNDER  CONDITIONS  OF  ALKALINE  FUSION  OF  BENZENE-m-DISULFONIC  ACID 

A.  P.  Shestov  and  N.  A.  Osipova 


As  was  established  by  one  of  us  [1],  dij^enylsulfone-S.S'-disulfonic  acid  invariably  accompanies  benzene - 
m-disulfonic  acid;  it  was  therefore  of  interest  to  study  the  behavior  of  this  compound  under  the  conditions  of  the 
alkaline  fusion  of  benzene -m-disulfonic  acid  to  form  resorcinol. 

Some  of  the  investigators  of  the  alkaline  fusion  ofy  benzene-m-disulfonic  acid  reached  the  conclusions  that 
this  process  is  very  complicated,  that  the  yields  of  resorcinol  are  low  (25  to  65<7o)  and  that  the  process  of  alkaline 
fusion  is  accompanied  by  a  large  number  of  secondary  reactions  [2].  Nevertheless  a  high  yield  (over  BO^o)  of 
resorcinol  has  been  reported  [3]  in  the  reaction  starting  from  benzene-m-disulfonic  acid. 

Our  purpose  in  the  present  work  was  to  establish  the  degree  of  transformation  of  benzene-m-disulfonic  acid 
into  resorcinol  during  alkaline  fusion,  the  possibility  and  degree  of  formation  of  resorcinol  during  alkaline  fusion 
of  diphenylsulfone-3,3’-disulfonic  acid,  and  the  influence  of  this  impurity  on  the  alkaline  fusion  of  benzene-m- 
disulfonic  acid. 

The  following  precautions  were  taken  to  exclude  secondary  processes:  we  started  from  perfectly  pure  sul¬ 
fonic  acids  (prepared  from  the  corresponding  sulfochlorides);  the  alkaline  fusion  was  conducted  in  nickel  capsules 
with  complete  exclusion  of  atmospheric  oxygen.  The  specially  designed  appratus  illustrated  in  the  diagram  was 
used. 

The  resorcinol  in  the  melt  was  determined  by  nitrosation  [4]  and  in  some  experiments  by  direct  isolation. 
Phenol  was  also  determined  by  bromination  in  the  case  of  alkaline  fusion  of  diphenylsulfone-3,3’-disulfonic  acid. 

The  experiments  established  that  benzene-m-disulfonic  acid  is  nearly  quantitatively  converted  into  resor¬ 
cinol.  The  yields  on  the  starting  sulfochloride  are  about  99%,  and  these  yields  are  consistently  maintained  in  all 
experiments  (to  within  0.1-0. 2%).  The  very  unfavorable  effect  of  atmospheric  oxygen  was  established.  The 
yield  was  halved  when  the  hermetic  seal  of  the  apparatus  failed. 

Diphenylsulfone-3,3'-disulfonic  acid  gave  a  yield  of  approximately  1  mole  resorcinol  per  mole  of  sul¬ 
fonic  acid  when  the  fusion  was  effected  under  the  same  conditions  with  a  somewhat  larger  excess  of  alkali.  This 
result  was  obtained  on  the  basis  of  analysis  by  the  nitrosation  method.  The  amount  of  phenol  found  by  bromination 
was  0.108  mole  per  mole  of  sulfonic  acid. 

Extraction  with  ether  of  the  acidified  solution  of  the  melt,  followed  by  chromatographic  resolution  of  the 
ethereal  solution  on  aqueous  alumina,  enabled  the  separation  of  an  ethereal  extract  which,  after  evaporation  of 
the  ether,  gave  a  product  (m.  p.  104-105*)  containing  86%  resorcinol  in  the  amount  of  approximately  1  mole 
per  mole  of  original  sulfonic  acid.  Vacuum  distillation  followed  by  recrystallization  from  toluene  gave  resorcinol 
with  the  melting  point  reported  in  the  literature.  Phenol  was  identified  in  the  form  of  the  benzoyl  derivative. 
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The  considerable  residue  (about  1  mole,  arbitrarily  calculated  on  the  phenol,  per  mole  of  sulfonic  acid) 
remaining  after  separation  of  the  resorcinol  and  phenol  consisted  of  resins  of  a  phenolic  character  (soluble  in 
NaOH  and  Insoluble  in  water).  After  freeing  from  resorcinol,  these  resins  did  not  nitrosate  under  the  usual  condi¬ 
tions.  This  fact  was  evidence  of  the  correctness  of  the  analytical  method  of  determination  of  resorcinol  in  the 
melts  by  nitrosatlon.  We  did  not  carry  out  further  separation  of  the  resins. 

The  fusion  of  dipiienylsulfone-3,3'-disulfonic  acid  serves  as  proof  of  the  structure  of  this  compound.  Since 
resorcinol  is  formed  by  the  fusion,  we  can  assume  that  at  least  one  of  the  sulfo  groups  is  in  the  meta-position  to 
the  SO2  group.  As  we  see  from  the  literature  data,  no  substantial  rearrangement  of  sulfonic  acids  [5]  occurs  under 
the  specified  conditions  of  caustic  fusion. 

Mixtures  of  pure  benzene -m-disulfonic  acid  and  diphenylsulfone-3,3'-disulfonic  acid  for  caustic  fusion  had 
the  same  molar  ratios  in  which  they  could  occur  during  sulfonation,  1.  e.  from  60 ;  40  to  95 : 5.  The  mixture  of 
these  sulfonic  acids  was  fused  with  alkali  in  such  a  manner  that  1  mole  of  each  of  the  components  gave  substan¬ 
tially  one  mole  of  resorcinol  (Table  2). 

EXPERIMENTAL 

The  sodium  salt  of  benzene-m-dlsulfonic  acid  was  obtained  by  hydrolysis  of  the  corresponding  sulfochloride 
(m.  p.  63*)  in  NaOH  solution.  The  dry  sodium  salt  was  mixed  with  pulverized  NaOH  (or  a  mixture  of  NaOH  and 
KOH),  and  the  whole  was  transferred  to  a  nickel  capsule  (see  Diagram)  which  was  placed  in  an  electric  furnace. 
The  apparatus  is  fitted  with  side  tubes,  one  of  which  connects  to  a  nitrogen  cylinder  and  the  second  (via  a  thlck- 

After  completion  of  the  fusion,  the  furnace  was  cooled; 
during  this  operation  the  mercury  from  the  seal  should  rise  along 
the  tube;  this  is  evidence  of  the  tightness  of  the  seal.  The  melt 
was  extracted  from  the  capsule  with  water  under  nitrogen,  the 
resorcinol  solution  was  analyzed  by  nitrosatlon  and  then  extracted 
with  ether. 

The  sodium  salt  of  difiienylsulfone-3,3’-disulfonic  acid 
was  prepared  from  the  sulfochloride  of  the  acid  (m.  p.  180.5-181*) 
The  procedure  was  similar  to  that  described  above. 

In  all  experiments  caustic  fusion  was  carried  out  for  3 
hours  at  320*.  The  temperature  was  raised  to  320*  in  2-3  hours. 

In  the  Tables  below,  benzene-m-disulfochloride  is  desig¬ 
nated  by  "m-DSC  and  diphenylsulfone-3.3'-disulfochloride  by 
DPSC. 

a)  Alkaline  fusion  of  the  pure  sodium  salt  of  benzene - 
m-disulfonic  acid.  One  gram  of  benzene-m-disulfochloride  was 
fused,  after  saponification,  with  3  g  NaOH  (20  moles  NaOH  per 
mole  sulfo  salt).  0.3954  g  resorcinol  was  found  in  the  melt  by 
nitrosatlon.  The  resorcinol  yield  in  the  melt  was  99.01<7o.  By 
etfier  extraction  a  product  with  m.  p.  105-105.6*  and  containing 
95.25%  resorcinol  was  obtained.  The  remaining  experiments  of 
this  series  were  carried  out  in  a  similar  fashion. 

b)  Caustic  fusion  of  the  pure  sodium  salt  of  dit^enylsulfone-3,3*-disulfonic  acid.  A  larger  excess  of 
alkali  was  taken  in  this  series  of  experiments  because  of  the  pure  sodium  salt  of  the  acid  is  a  very  fluffy  pow¬ 
der,  poorly  miscible  with  alkali,  and  the  melt  catches  fire  with  a  small  excess  of  alkali. 

In  Experiment  11  (Table  1)  the  acidified  solution  of  the  melt  was  filtered  off  from  resinous  impurities 
and  the  phenol  was  distilled  off  with  steam;  the  main  solution  was  extracted  with  ether  and  the  latter  was  passed 
through  aqueous  alumina.  The  resorcinol  was  completely  washed  out  of  the  column  by  elution  with  ether.  The 
ethereal  solution  was  repeatedly  purified  by  passing  through  the  column  and  then  evaporated  to  give  5.95  g  re¬ 
sorcinol  with  m.  p.  104-105*  and  a  resorcinol  content  of  85.9%.  Distillation  in  vacuum  followed  by  crystalliza¬ 
tion  from  toluene  gave  a  product  with  m..p.  110-110.5*  (the  literature  reports  m.  p.  110*). 
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walled  capillary  tube)  to  a  mercury  seal. 


Apparatus  for  caustic  fusion. 

1)  Thermostated  furnace,  2)  con¬ 
tact  thermometer,  3)  quartz  test- 
tube,  4)  nickel  capsule,  5)  thick- 
walled  capillary  tube,  length  1  meter 
6)  mercury  seal,  7)  rubber  stopper. 


TABLE  1 


be  perl - 
tent  No. 

1  Taken  for  fusion 

Resorcinol 
determined 
by  nitrosa- 
tlon(in  g) 

Theoretical 
yield  of  re¬ 
sorcinol  (g)* 

DPSC  (ing) 

NaOH(lng) 

moles  NaOH 
per  mole 
sulfo  salt 

6 

1.0000 

10 

25 

0.2843 

0.2650 

8 

1.0000 

15 

37.5 

0.2460 

0.2650 

11 

20.0000 

200 

25 

5.3000 

5.3000 

•On  the  assumption  that  1  mole  diphenylsulfone-3,3’-disulfonic  acid  gives  1  mole  resorcinol. 


TABLE  2 


Experiment 

No. 

Taken  for  fusion 
(In  g)_ 

Theoretical  yield  of  resor¬ 
cinol  from  fusion  (in  g)* 

Resorcinol 
determined 
by  the  nitro- 
iation  meth- 
.d  (in  g) 

Yield  of 

resorcinol 

(ln%) 

m-DSC 

DPSC 

m-DSC 

DPSC 

mixture 
of  chlor¬ 
ides 

12 

0.7313 

0.3679 

0.2924 

0.0974 

0.3898 

0.3898 

100.0 

14 

0.8000 

0.2010 

0.3198 

0.0532 

0.3731 

0.3660 

98.11 

16 

0.8000 

0.1065 

0.3198 

0.0282 

0.3480 

0.3474 

99.83 

18 

0.9000 

0.0755 

0.3598 

0.0200 

0.3798 

0.3793 

99.87 

20 

0.9500 

0.0378 

0.3798 

0.0100 

0.3898 

0.3891 

99.81 

•  On  the  assumption  that  1  mole  chloride  gives  1  mole  resorcinol. 


Found  %;  0  65.2;  H  5.41.  CgHgOj.  Calculated  %:  0  65.45;  H  5.49. 

0.49  g  phenol  was  found  in  the  phenolic  liquor  by  bromination  and  was  identified  as  the  benzoyl  derivative. 
Recrystallization  from  methyl  alcohol  gave  a  product  with  m.  p.  66-66.5"  (literature  66").  A  mixture  with  pure 
benzoyl  derivative  of  phenol  did  not  exhibit  a  melting  point  depression. 

Found  %:  0  79.26;  H  5.04.  C^HioOz.  Calculated  0  78.75;  H  5.08. 

A  resinous  residue  was  obtained  after  treatment  of  the  alumina  with  methyl  alcohol  and  distilling  off  the 
solvent.  Total  resin  collected  was  2.69  g.  After  passage  through  a  column  and  freeing  from  resorcinol,  the  resin 
failed  to  nitrosate  under  the  usual  conditions  of  analysis. 

c)  Alkaline  fusion  of  a  mixture  of  pure  sodium  salts  of  benzene -m-disulfonic  acid  and  diphenylsulfone- 
3,3'-disulfonic  acid.  The  mixture  was  fused  under  the  same  conditions  as  for  the  separate  components  (m.  p. 
320",  held  for  3  hours,  amount  of  alkali  12-18  moles  calculated  per  mole  of  benzene;  in  Experiment  14  of 
Table  2  there  were  18.5  moles  per  mole  of  benzene,  in  the  remaining  experiments  11.5-12  moles  were  taken 
per  mole  of  benzene). 


SUMMARY 

1.  The  alkaline  fusion  of  benzene -m-disulfonic  acid  goes  easily  and  completely  to  give  a  98.6-99.0»7o 
conversion  to  resorcinol. 
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2.  Diprfienylsulfone-3,3'-disulfonic  acid,  which  invariably  accompanies  benzene -m-disulfcnic  acid,  gives 
approximately  1  mole  resorcinol  per  mole  when  fused  with  alkali.  The  remaining  portion  of  the  diphenylsulfone- 
3,3’-disulfonic  acid  molecule  is  converted  into  condensed  high-molecular  phenols  of  a  resinous  character  and 

a  very  small  proportion  into  ordinary  phenol. 

3.  Fusion  of  mixtures  of  benzene -m-disulfonic  acid  and  diphenylsulfone-3,3'-disulfonic  acid  with  alkali 
leads  to  the  same  results  as  fusion  of  the  Individual  components  -  each  compound  gives  1  mole  resorcinol  per 
mole. 

4.  A  precision  method  of  alkaline  fusion  is  developed  which  gives  consistent  and  nearly  quantitative  yields. 
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TRICHLOFU)PHOrPHA  ZOTRICHLOROACETYL  AND  THE  ACID  CHLORIDE 
OF  THE  N-PHOSPHORIC  ACID  OF  T  R I C  HL  OR  I M  IN  O  A  C  ET  Y  L  CHLORIDE 

A.  V.  Kirsanov  and  G.  L.  Derkach 


During  a  study  of  the  reaction  of  phosphorus  pentachloride  with  trichloroacetamide,  Wallach  [1]  obtained 
a  compound  of  the  composition  C20ClgNP  and  assigned  to  it,  without  adequate  experimental  proof,  the  struc¬ 
ture  CCl3CCl=  NPOClj  (I),  i.  e.  the  acid  chloride  of  the  N-phosj^oric  acid  of  trichloriminoacetyl  chloride. 
Wallach  explained  the  formation  of  (I)  by  the  following  scheme,  again  without  adequate  experimental  support: 

CCI3CONH2  PClg  — ►  CCI3CCI2NH2  -+■  POCI3, 

CCI3CCI2NH2  — »•  HCl-f-CCl3CCl=NH, 

CCl3CCl=NH-^-POCl3  — ►  HCl CCl3CCl=NPOCl!,  (I), 


Steinkopf  later  studied  [2]  the  reaction  of  phosphorus  pentachloride  with  some  halo-,  halonitro-  and  halo- 
alkyl -acetamides  and  obtained  compounds  analogous  to(I).  To  all  his  compounds  Steinkopf,  like  Wallach, 
assigned  the  structure  RCC1=-  NPC)Cl2,  again  without  sufficient  proof. 

Data  have  come  to  light  in  recent  years  which  cause  doubt  to  be  thrown  upon  the  validity  of  the  structure 
RCCl=NPOCl2  for  compounds  formed  from  carboxylic  acid  amides,  not  substituted  at  the  nitrogen,  and  phospho¬ 
rus  pentachloride.  It  was  found  that  the  following  single  reaction  scheme  is  applicable  to  unsubstituted  amides  of 
sulfonic  acids  [3],  amides  of  carbonic  acid  [4],  esters  of  oxamic  acid  [5]  and  amides  of  aromatic  carboxylic  acids 
[6]: 


AcNH2-i-PCIb  — >  2HCl -f- AcN=PCl3, 


i.  e.  the  corresponding  trichloroj^osirfiazo  compounds  are  formed.  It  was  shown  in  addition  that  the  reaction 
RCN  +  HCl  +  POCI3  or  RCCl  =  POCl3  does  not  go  [4].  Consequently  there  are  good  grounds  for  assuming  that  the 
reaction  of  phosphorus  pentachloride  with  trichloroacetamide  goes  with  formation  not  of  a  derivative  of  trichlori¬ 
minoacetyl  (I)  but  with  formation  of  a  derivative  of  trichloroacetamide,  namely,  trichlorophosphazotrichloro- 
acetyl  (II),  in  accordance  with  a  general  scheme,  i.  e. 

CCI3CONH2 PCI5  — >  2HCI -H  CCl3CON=PCl3  (11). 

In  the  present  work  we  have  succeeded  in  fully  and  strictly  proving  by  chemical  methods  the  structure  of 
substances  obtained  by  reaction  of  phosphorus  pentachloride  with  unsubstituted  amides  of  substituted  acetic  acids. 
The  particular  compound  whose  structure  was  established  was  the  product  of  interaction  of  phosphorus  pentachlor¬ 
ide  with  trichloroacetamide.  For  the  sake  of  brevity  this  substance  will  now  be  referred  to  as  product  A. 

Treatment  of  product  A  with  water  or,  better,  with  1  mole  of  anhydrous  formic  acid,  gives  a  very  good  yield 
of  the  acid  chloride  of  N-trichloroacetylamidophosphoric  acid.  The  structure  of  the  latter  is  not  in  doubt  at  all, 
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but  its  formation  is  no  guide  to  the  structure  of  product  A  since  substances  of  either  structure  (I)  or  structure  (11) 
have  one  particularly  easily  hydrolyzable  chlorine  atom  and  therefore  the  action  of  1  mole  formic  acid  must 
lead  to  one  and  the  same  product,  according  to  the  schemes: 

CCI  ,CCl=NPOCl2  (I)  HCOOHv 

2  CO  HCI  -I-  CCI3CONHPOCI2. 

CCI.,CON=PCl;,  (II)  -+■  HCOOH  ^ 

Phosphorus  pentachloride  acts  on  the  acid  chloride  of  N-trlchloroacetyl-amidojrfiosphoric  acid  to  give  a 
product  B  (isomeric  with  product  A)  in  quantititative  yield.  The  reaction  goes  with  considerably  greater  difficulty 
at  higher  temperature  and  for  a  longer  period  -  than  the  reaction  of  phosphorus  pentachloride  with  trichloroaceta- 
amide,  and  it  quantitatively  goes  according  to  the  scheme: 

CCl.iCONHPOCIz  PClr, - ►  HCI  POCI3  ■+-  CgOCIoNP. 


Absorption  of  heat  is  not  observed  during  the  reaction  although  heat  is  absorbed  in  the  reaction  of  phosphorus 
pentachloride  with  amides  of  carboxylic  acids  and  sulfonic  acids  [3,  6],  The  reaction  goes  under  conditions 
similar  to  the  conditions  of  the  reaction  of  phosphorus  pentachloride  with  dimethylamides  of  carboxylic  acids 
[7],  i.  e.  when  the  "carbonyl"  oxygen  of  the  carboxylic  acid  amide  undoubtedly  exchanges  with  chlorine  accord¬ 
ing  to  the  scheme; 

CsHsCONlCHalz -I- PCI5  — ►  CH,C1 POCI3 -1- C8H5CCI=NCH3. 


The  structure  of  (I)  must  therefore  be  assigned  to  product  B,  and  its  formation  can  be  represented  by  the 
following  scheme: 


/ 


CCI3CONHPOCI2 PCI5  — ^  POCl3-t-HCl-i-CCl3CCI=NPOCl2. 


It  can  consequently  be  considered  proved  that  the  action  of  phosphorus  pentachloride  on  substituted  acet¬ 
amides  gives  the  corresponding  trichlorophosphazo  compounds  and  not  derivatives  of  imlnoacids. 

The  substances  obtained  by  Wallach  [1]  and  Steinkopf  [2]  and  described  by  them  as  compounds  of  the  type 
of  RCCl=NPOCl2,  where  R  =  CCI3.  CHCI2,  CBrs,  CCI2NO2,  etc.,  are  actually  trichlorophosphazo  compounds,  1.  e. 
compounds  of  the  type  of  RCON=PCl3. 

Trichlorophosphazotrichloroacetyl  (product  A)  differs  markedly  in  physical  and  chemical  properties  from 
its  isomer,  the  acid  chloride  of  the  N-phosphoric  acid  of  trichloroiminoacetyl  chloride  (product  B).  Product  A 
melts  at  77-79*  and  product  B  at  40-41“;  a  mixed  sample  melts  at  25-56*.  Product  B  is  very  much  more  soluble 
in  the  majority  of  organic  solvents  than  product  A.  Product  B,  as  the  acid  chloride  of  an  iminoacid,  hydrolyzes 
with  considerably  greater  facility  than  product  A  which  is  a  trichlorophosphazo  compound.  Formolysis  of  both 
compounds  with  1  mole  formic  acid  gives  one  and  the  same  acid  chloride  of  N-trichloroacetylamidophosphoric 
acid  (see  scheme  above). 

Nearly  all  the  trichlorophosphazoacyls  known  up  to  now  quantitatively  break  down  to  phosphorus  oxychlor¬ 
ide  and  nitriles  when  heated  at  a  little  higher  than  their  melting  point  [4,  6].  Trichlorophosphazotrichloroacetyl 
is  considerably  more  stable  and  can  be  distilled  at  atmosjAieric  pressure  with  insignificant  decompoisition. 
Consequently,  neither  Wallach  [1]  nor  Steinkopf  [2]  observed  that  heating  of  trichlorophosi^azotrichloroacetyl 
goes  with  thermal  breakdown  with  formation  of  trichloroacetonitrile  and  phosphorus  oxychloride  according  to  the 
general  scheme  of  thermal  breakdown  of  trichlorophosphazo  compounds; 

RCON=PCl3  — POCI3  RCN  8]. 

ClS02N=PCl3  — »•  POCI3  -H  CISON  [8}. 
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The  thermal  breakdown  of  trichlorophosphazotrlchloroacetyl  at  260*  is  completed  in  3  hours  with  a  yield 
of  89.4  %  (calculated  on  the  phosphorus  oxychloride)  and  of  59.4<5b  (calculated  on  the  trichloroacetonitrile).  The 
yield  on  the  phosphorus  oxychloride  is  undoubtedly  closer  to  the  true  yield  of  thermal  decomposition  because 
trichloroacetonitrile  undergoes  secondary  processes  of  polymerization  under  the  drastic  conditions  of  reaction 
and  forms  nonvolatile  products.  The  thermal  stability  of  trichlorophosphazotrichloroacetyl  is  probably  the  conse¬ 
quence  of  the  large  positive  charge  on  the  carbon  atom  of  the  CCI3  group  and  the  resultant  reduced  polarization 
of  the  C=0  bond  of  the  CON=  PCI3  group. 

As  in  the  case  of  trlchlorophosphazoacyls  of  the  aromatic  series  [4,  6],  the  thermal  cleavage  of  trlchloro- 
phosphazotrichloroacetyl  goes  with  greater  facility  in  presence  of  hydrogen  chloride.  The  reaction  temperature 
drops  to  210*  and  the  duration  to  2  hours  15  minutes,  while  the  yields  are  slightly  higher.  The  catalytic  effect 
of  hydrogen  chloride,  however,  is  considerably  lower  than  for  trlchlorophosphazoacyls  of  the  aromatic  series  [4, 

6],  and  this,  too,  is  probably  the  consequence  of  the  reduced  polarization  of  the  C=0  bond  (hindrance  to  addition 
of  hydrogen  chloride  with  formation  of  an  intermediate  product). 

Thermal  cleavage  of  product  B  leads  to  formation  of  phosphorus  oxychloride  and  trichloroacetonitrile  accor 
ding  to  the  scheme; 

CCl3CCl=NPOCl2  — ►  POCIa-f-CClaCN, 


l.  e.  with  translocation  of  a  chlorine  atom.  Cleavage  goes  at  220*  and  is  completed  in  the  course  of  1  1/2 
hours,  i,  e.  at  a  lower  temperature  and  in  a  shorter  time  than  for  product  A.  The  yields  of  phosphorus  oxychloride 
(82,0%)  and  trichloroacetonitrile  (53.2%),  however,  are  very  much  lower  than  in  the  case  of  product  A.  Conse¬ 
quently,  it  is  impossible  to  decide  which  atom  more  easily  migrates  to  the  phosphorus  —  the  oxygen  or  the  chlorine. 
The  lower  yield  from  the  thermal  cleavage  of  product  B  indicates  the  improbability  of  preliminary  isomerization 
of  product  A  to  product  B.  Evidently  both  product  A  and  product  B  undergo  thermal  cleavage  without  preliminary 
isomerization  into  one  another. 

Both  product  A  and  product  B  easily  react  with  alcohols,  {^enols,  amines,  ate.  and  are  therefore  valuable 
starting  substances  for  the  preparation  of  diverse  derivatives  of  phosphoric  acid  of  new  types. 

EXPERIMENTAL 

The  preparation,  isolation  and  recrystallization  of  all  the  substances  described  in  the  present  paper  are 
carried  out  under  conditions  excluding  as  far  as  possible  the  action  of  atmospheric  moisture.  All  solvents  are 
used  solely  in  the  dry  state. 

Preparation  of  trichlorophosphazotrichloroacetyl  CCl30N=  PCI3  (product  A).  A  mixture  of. 0.5  mole  trichlo- 
roacetamide,  80  ml  carbon  tetrachloride  and  0.515  mole  pulverized  jrfiosphorus  pentachloride  was  heated  at  70- 
75*  until  no  more  hydrogen  chloride  was  evolved;  this  requited  30-40  minutes.  The  solvent  was  driven  off  in 
vacuum  at  70*.  The  residue  was  crude  trichlorophosf^azotrichloroacetyl  which  set  to  a  solid  crystalline  mass  on 
cooling.  Yield  99.7%  (148.6  g).  The  product  was  recrystallized  from  160  ml  ligroine  (b.  p.  80-90*).  The  yield 
of  perfectly  pure  substance  (stout,  colorless,  transparent  prisms)  was  90.6%  (135.0  g);  it  is  very  slowly  hydrolyzed 
by  moisture  of  the  air;  m.  p.  77-79*  in  agreement  with  the  literature  [1,  2]. 

Preparation  of  the  acid  chloride  of  N-trichloroacetylamidophosphoric  acid,  CCI3CONHPOCI2.  To  a  solu¬ 
tion  of  0.2  mole  product  A  (59.6  g)  in  150  ml  benzene  was  added  0.2  mole  anhydrous  formic  acid  (9.2  g).  A 
fairly  violent  reaction  commenced  immediately  and  continued  for  30-40  minutes.  After  24  hours  the  crystals 
(fine  needles)  were  drained,  washed  twice  (5  ml  each  time)  with  benzene,  and  dried  in  vacuum  at  60*.  The 
filtrate  was  evaporated  to  one  third  of  its  volume  and  the  crystals  were  collected.  Total  yield  87.7%  (49.0  g), 

m.  p.  148-150*  in  agreement  with  the  literature  [1,  2]. 

Preparation  of  the  acid  chloride  of  the  N-phosphoric  acid  of  trichloroiminoacetyl chloride,  CCl3CCl=  NPOCl; 
(product  B).  0.1  mole  acid  chloride  ot  trichloroacetylamidophosphoric  acid  (27.9  g)  Wcis  carefully  mixed  with 

0.1  mole  phosphorus  pentachloride,  and  the  mixture  was  heated  until  hydrogen  chloride  ceased  to  come  off.  On 
the  boiling  water  bath  the  reaction  was  completed  in  2  hours,  at  115-120*  (glycerol  bath)  in  15-20  minutes. 
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During  the  reaction  99-101‘5{>  (0.099-0.101  mole)  hydrogen  chloride  was  released  and  was  collected  and  determined 
by  the  usual  methods.  The  reaction  product  was  a  colorless  mobile  liquid  —  a  mixture  of  phosphorus  oxychloride 
and  product  B;  yield  100.0%  (45.2  g).  The  phosphorus  oxychloride  was  distilled  off  in  vacuum  (6-7  mm)  at  40-50"' 
(40-50  minutes).  Product  B  in  the  residue  (colorless  liquid)  crystallized  completely  on  cooling;  yield  100.0% 

(29.8  g),  m.  p.  37-41*.  The  product  was  purified  by  recrystallization  from  10  ml  ligroine  (washed  with  0.5  ml 
ligroine)  and  dried  in  vacuum  at  room  temperature.  Yield  57.1%  (17.0  g),  m.  p.  40-41*.  Another  10%  perfectly 
pure  substance  could  also  be  separated  from  the  mother  liquor.  Product  B  can  be  used  for  preparative  purposes 
without  recrystallization,  since  the  "crude”  product  is  sufficiently  pure  and  melts  only  3*  lowe;  than  the  recrystal¬ 
lized  substance. 

The  acid  chloride  of  the  N-phosj*oric  acid  of  trichloroiminoacetyl  chloride  (product  B)  is  a  colorless  sub¬ 
stance,  crystallizing  in  the  form  of  long  platelets,  reacting  with  facility  with  water,  alcohols,  phenols,  amines  and 
other  substances  containing  active  hydrogen  atoms.  In  the  air  product  B  hydrolyzes  very  easily,  becomes  wax- 
like  and  then  deliquesces.  A  mixture  of  products  A  and  B  melts  unsharply  at  25-26*.  Product  B  is  readily  soluble 
in  benzene,  carbon  tetrachloride,  ether,  acetone,  chloroform,  and  dioxane,  and  with  rather  more  difficulty  in 
ligroine.  Recrystallization  of  product  B  is  therefore  bound  up  with  great  losses  (see  above). 

Found  %:  N  4.83;  hydrolyzable  Cl  35.8.  Acid  equivalent  after  hydrolysis  4.94,  4,93,  C20ClgNP. 

Calculated  %:  N  4,69;  hydrolyzable  Cl  35,7;  acid  equivalent  after  hydrolysis  5.00, 

Preparation  of  the  acid  chloride  of  N-trichloroacetylamidophosphoric  acid  from  product  B,  To  a  solution 
of  0.01  mole  product  B  (2.98  g)  in  50  ml  benzene  was  added  0.01  mole  anhydrous  formic  acid  (0.46  g).  After 
24  hours,  the  crystals  were  collected,  washed  wi  lt  benzene  and  dried.  The  mother  liquor  was  evaporated  to  a 
small  volume  and  the  separated  substance  was  collected.  Total  yield  of  acid  chloride  of  N-trichloroacetylamido- 
phosi^oric  acid  91.2%  (2.4  g),  m.  p.  148-150*;  no  depression  of  melting  point  in  mixed  test  with  authentic  acid 
chloride  of  N-trichloroacetylamidophosphoric  acid. 

Thermal  cleavage  of  trichlorophosphazotrichloroacetyl  (product  A).  0.15  mole  of  product  A  (44.7  g)  was 
placed  in  a  100  ml  of  two-necked  flask  connected  to  a  fractionating  column  100  mm  long,  a  straight  condenser 
and  a  receiver,  and  the  substance  was  gradually  heated  on  a  metal  bath.  In  the  second  neck  of  the  flask  was 
inserted  a  stopper  with  a  thermometer  whose  bulb  was  immersed  in  the  substance.  At  220-225*  decomposition 
commenced  and  proceeded  very  slowly;  the  process  intensified  at  260*.  The  resultant  mixture  of  phosphorus 
oxychloride  and  trichloroacetonitrile  was  distilled  off  at  a  vapor  temperature  of  86-87*.  After  3 -hours'  heating 
at  260*,  decomposition  came  to  an  end;  the  flask  contained  21%  (9.4  g)  of  a  black  carbonized  mass;  the  distillate 
was  a  transparent,  colorless  liquid  with  an  acrid  odor  —  a  mixture  of  phosphorus  oxychloride  and  trichloroacetonitrile. 
The  distillate  was  redistilled  in  a  250  mm  fractionating  column  to  give  59.4%  (12,9  g)  of  trichloroacetonitrile 
with  b.  p,  85-87*  and  89.4%  (21.6  g)  of  phosphorus  oxychloride;  the  two  substances  were  identified  by  the  usual 
tests.  Experimental  losses  1.8%  (0,8  g). 

Thermal  cleavage  of  trichlorophosphazotrichloroacetyl  in  presence  of  hydrogen  chloride.  The  procedure 
was  the  same  as  before  except  that  a  very  slow  stream  of  dry  hydrogen  chloride  was  passed  through  during  the  whole 
period  (one  bubble  every  2-3  seconds).  Decomposition  commenced  at  205*  and  went  with  satisfactory  speed  at 
210*.  The  reaction  was  completed  in  21/4  hours  at  210*.  The  amount  of  carbonized  residue  was  13.4%  (6.0  g), 
that  of  trichloroacetonitrile  was  76.8%  (16.7  g)  and  that  of  phosphorus  oxychloride  was  91.2%  (21.0  g);  experimental 
losses  were  2.2%  (1.0  g). 

Thermal  cleavage  of  product  B.  The  procedure  was  the  same  as  with  product  A.  Cleavage  commenced 
at  200*,  went  with  satisfactory  speed  at  220*  and  was  complete  after  1  1/2  hours.  Yield  of  carbonized  residue 
28.8%  (12.9  g),  of  trichloroacetonitrile  53.3%  (11.55  g),  of  phosphorus  oxychloride  82.0%  (18.9  g);  experimental 
loss  3.0%  (1.35  g). 


SUMMARY 

1.  Reaction  of  phosphorus  pentachloride  with  trichloroacetamide  gives  trichlorophosphazotrichlotoacetyl 
and  not  the  acid  chloride  of  the  N-phosjdioric  acid  of  trichloroiminoacetyl  chloride,  as  was  thought  up  to  now. 

9,  Acid  chloride  of  the  N-j^osphoric  acid  of  trichloroiminoacetyl  chloride  itself  was  obtained  by  the 
action  of  phosphorus  pentachloride  on  the  acid  chloride  of  N-trichloroacetylamidojiiosphoric  acid. 
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C'.  Substances  obtained  by  V/allach  [1]  and  Steinkopf  [2]  from  phosphorus  pentachloride  and  amides  cf  sub¬ 
stituted  acetic  acids  and  described  by  them  as  compounds  cf  the  type  of  RCC1=  NPOCI2  are  actually  compounds 
of  the  type  of  RCON=  PCI3. 
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THE  MECHANISM  OF  THE  ARBUZOV  REARRANGEMENT 


in,  REACTION  OF  THE  NITRILE  AND  METHYL  ESTER  OF 
a.  6-DIBROMO-  AND  a,  0 -DICHLOROPROPIONIC  ACID 
WITH  PHOSPHITES 

V.  S.  Abramov  and  N.  A.  Ilyina 


We  previously  reported  [1,  2]  that  the  Arbuzov  rearrangement  of  aliphatic  phosphites  under  the  action  of 
a ,  0  -dihaloethyl  alkyl  and  monohalomethyl  alkyl  esters  goes  In  two  separate  and  indep>endent  steps.  In  the  first 
step  an  intermediate  addition  compKjund  is  formed;  although  it  was  not  isolated  in  the  chemically  pure  form,  its 
existence  was  proved  by  the  course  of  the  reaction  and  the  transformations.  In  the  second  step  the  intermediate 
addition  compound  is  decompxKed  by  heat  to  form  alkyl  halide  and  ester  of  alkyl phosphinic  acid. 

It  was  pKKsible  to  follow  the  separate  courses  of  the  Arbuzov  rearrangement  of  aliphatic  phosphites  because 
the  reaction  was  conducted  with  halo  derivatives  in  which  the  halogen  atom  is  readily  mobile  and  easily  enters 
into  reaction.  The  reactions  were  performed  at  room  temperature  at  which  the  addition  compounds  do  not  break 
down.  It  may  be  expected  that  the  Arbuzov  rearrangement  with  other  active  halo  derivatives  would  likewise  go 
in  two  separate  steps.  We  investigated  the  reactions  of  the  nitrile  (1)  and  the  methyl  ester  (II)  of  o,  0-dibromo- 
propionic  acid  and  the  nitrile  (III)  and  methyl  ester  (IV)  of  a.0  -dichloropropionic  acid  with  the  ethyl  (V)  and 
butyl  (VI)  esters  of  phospdiorous  acid.  The  reaction  may  be  represented  thus: 


(R0)3P  -I-  CHaHal— CHHalX  (RO).,? — CH-CHaHal 

I  I 

Hal  X 


(ROlaP - 

/\ 

RO  ;Hal 


CH-CHoHal 


(RO)aP-CH- CHaHal 

II  I  -i-RHal, 

O  X 


(1) 


(2) 


R  isCaHg  or  C4Hj,;  Hal  is  Cl  or  Br.andXisCN  or  COOCH3. 


The  experiments  showed  that  the  course  of  the  reaction  of  methyl  a.0 -dibromopropionate  with  triethyl 
phosphite  and  tributyl  phosphite  is  similar  to  that  with  a.0 -dihaloethylalkyl  esters,  i.  e.  in  two  separate  steps 
as  is  confirmed  by  the  gradual  change  in  physical  constants  of  the  reaction  mixture  at  room  temperature.  When 
the  reaction  comes  to  an  end,  the  constants  no  longer  change,  and  this  occurs  approximately  after  3-4  days.  The 
change  in  constants  is  shown  in  Table  1. 

The  volume  of  the  reaction  mass  increases  in  the  reaction  of  methyl  a  ,0  -dibromopropionate  with  triethyl 
and  tributyl  p)hosphite  because  the  specific  gravity  progesssively  decreases  (Table  1),  Quantitative  measurements 
of  the  volume  change  in  the  dilatometer  showed  a  volume  increase  of  2.0<7o  in  25  hours  in  the  reaction  of  methyl 
a,0  -dibromopropionate  with  triethyl  phosphite  and  an  increase  of  l.QPjo  in  31  hours  in  reaction  with  tributyl 
phosphite. 

Methyl  a,0  “dichloropropionate  does  not  react  with  triethyl  phosphite  or  tributyl  phosp)hite  at  room  tempwra 
ture  and  with  heating  to  60*.  The  starting  substances  are  recovered  on  fractionation  in  vacuum.  Kamai  and 
Kukhtin  [3]  studied  the  action  of  methyl  a.0  "dichloropropionate  on  phosphites  at  100  and  120*. 
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a  10  -DIbromopropionitrile  and  a .  0  -dlchloroproplonltrile  react  with  extraordinary  facility  with  triethyl 
phosphite  and  tributyl  |)hospliite.  Considerable  heat  is  developed.  In  one  experiment,  when  25.0  g  triethyl  '  0  •• 
phosphite  and  21.3  g'a,0 -dibromopropionitrile  were  run  together  while  being  cooled  to  “12*,  the  reaction  went 
explosively  and  the  reaction  mass  was  thrown  out  of  the  flask.  Subsequent  experiments  were  conducted  with  addi¬ 
tion  of  the  phosphite  to  a ,0 -dibromopropionitrile  and  a,0 -dichloropropionitrile  in  small  portions  and  with  cool¬ 
ing  in  a  freezing  mixture.  As  we  see  from  Table  1,  the  reaction  between  phospliites  and  a.0‘dibromo-  and 
dichloropropionitriles  goes  very  quickly:  the  constants,  determined  immediately  after  mixing  of  the  reactants, 
do  not  change  any  further. 


TABLE  1 

Change  of  Constants  of  Reaction  Products  with  Time 


Reacting  substances 

Immediately  after 
mixing 

Final  values 

^20 

20 

"D 

.20 

•^4 

(11)  -►-(V) 

1.4610 

1.3949 

1.4390 

1.3618 

(II)  -H(VI) 

1.4500 

1.2522 

1.4435 

1.2481 

(III)  (V) 

1.4310 

1.1334 

1.4310 

1.1335 

(I)  -+-(V) 

1.4370 

1.3230 

1.4370 

1.3230 

(HI)  (VI) 

1.4280 

1.0333 

1.4280 

1.0333 

(1)  H-(Vl) 

1.4435 

1.1972 

1.4438 

1.1972 

It  is  not  possible  to  isolate  the  addition  products  in  the  chemically  pure  form.  As  previously  reported, 
they  do  not  crystallize  on  cooling.  The  molecular  refractions  were  calculated  from  the  final  constants(Table  2), 


TABLE  2 


Constants  of  Addition  Products  of  the  General  Formula 


(RO)3P-CH-CH2HaI 
I  I 

Hal  R' 


R 

R' 

H>1 

"D 

Mi 

found 

calculated 

CaHa 

CN 

Cl 

1.4310 

1.1335 

66.23 

68.33 

C2H5 

CN 

Br 

1.4370 

1.3230 

IS.OS 

74.07 

C2H5 

COOCH3 

Br 

1.4390 

1.3620 

79.68 

78.23 

C4H9 

CN 

Cl 

1.4380 

1.0333 

95.02 

96.04 

C4H9 

CN 

Br 

1.4440 

1.1972 

102.83 

101.84 

C4H9 

COOCH3 

Br 

1.4435 

1.2480 

105.47 

105.94 

The  addition  products  were  decomposed  by  heating  in  accordance  with  equation  (2).  The  corresponding 
alkyl  halide  was  split  off  in  very  good  yield.  The  conditions  of  thermal  decomposition  of  the  addition  compounds 
and  the  yields  of  alkyl  halides  are  given  in  Table  3. 

A  small  fraction  with  a  different  boiling  point  is  obtained  apart  from  the  halo  derivatives,  in  the  decomposi¬ 
tion  of  the  products  of  addition  of  dibromopropionic  acid  derivatives  to  phosphites.  For  example,  careful  frac¬ 
tionation  of  the  products  of  decomposition  of  the  complex  (II  +  VI)  in  a  Widmer  column  gave  a  small  quantity  of 
product  with  b.  p,  80-83*  and  np  1.4100,  whose  constants  agreed  with  those  of  methyl  acrylate.  Formation  of  the 
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latter  maybedueto  cleavage  of  a  molecule  <>f  bromine  from  methyl  a,8 -dibromopropionate. 
functions  here  as  a  dehalogenating  agent.  The  reaction  may  be  represented  by  the  scheme: 


Tributyl  phosphite 


CHjBrCfiBrCOOCHa  (QHeOlgP  CHg^CH-COOCHg  -i-  (C4H90)3P^^'^ 

^Br 

/Br  Br 

(CiHaOlsp/  ->  (C4H80)2P<  -h  C4H9Br. 

^Br 


TABLE  3 

Conditions  of  Thermal  Decomposition  of  Addition  Products  of  the 
General  Formula 

(ROlaP-CH— CHaHal 

hIi  R'  ^ 


R 

R' 

Hal 

Bath  tem¬ 
perature 

^  Yield  of 

1  alkyl  halic 

(%) 

! 

C2H5 

CN 

Cl 

80—  90 

98.5 

C2H5 

CN 

Br 

80—  90 

93.4 

C2H5 

COOCH3 

Br 

80-  90 

88.7 

C4H9 

CN 

Cl 

110—130 

76.0 

C4H9 

CN 

Br 

130-140 

96.5 

C4H9 

COOCH3 

Br 

130—140 

84.6 

Such  a  course  of  reaction  of  phosphites  with  dihalo  derivatives  was  first  observed  by  B.  A.  Arbuzov  and 
B.  P.  Lugovkin  [4]  who  reacted  dibromostyrene  with  triethyl  phosphite  at  150-160*  and  isolated  styrene  from  the 
reaction  products. 

The  residue  after  decomposition  was  vacuum-distilled.  It  was  impossible,  however,  to  fractionate  the  prod¬ 
ucts  because  decomposition  occurred  with  transformation  of  the  flask  contents  into  a  dark  resin.  After  several 
unsuccessful  attempts  to  obtain  the  esters  of  a -cyano-0 -haloethyl  phosphinic  acid  or  esters  of  a -phosphono-0 - 
bromopropionic  acid,  we  made  a  different  approach  to  the  problem.  We  treated  the  crude  residue  with  alco¬ 
holic  potassium  hydroxide  in  order  to  split  off  hydrogen  halide  and  obtain  the  corresponding  unsaturated  compounds. 

Cleavage  of  hydrogen  halide  from  cyano  derivatives  of  ethylphosphinic  acid  was  accompanied  by  saponi¬ 
fication  of  the  nitrile  group  to  carboxyl  and  formation  of  the  ethyi  ester  of  a -ethoxyphosphonacrylic  acid. 

KOH 

(CaHsOlaP-CH-CHaBr  (CaHsOaP-C^CHa 

II  I  C^H.OH  .  II  I 

O  CN  O  COOCaHg 

Cleavage  of  hydrogen  halide  from  the  cyano  derivatives  of  butylphosphinic  acid  gave  the  normal,  nitrogen - 
containing  substances. 

(C4HoO)2P-CH-CH2Br  (C4H90)2P-C-CH2 

II  I  II  I 

O  CN  O  CN 


The  degree  of  unsaturation  of  the  butyl  ester  of  cyanovinylphosphinic  acid  could  not  be  satisfactorily  deter¬ 
mined.  The  unsaturation  was  determined  both  by  direct  addition  of  bromine  and  by  the  bromide -bromate  method. 
H.  Meyer  cites  a  reference  [5]  to  the  effect  that  some  unsaturated  substances  do  not  add  on  halogens.  Bromine 


0 

0 
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uaually  does  not  add  on  If  the  olefinic  hydrocarbon  atoms  are  linked  with  highly  negative  groups.  For  example. 

group  only  give  bromine -sub ¬ 


J  .  .  /CN  yCN 

comp<.)iinds  containing  the  R_CH=CC  or  R--CH=C< 

^CONHa  \COOCH3 


stituted  compounds  under  the  action  of  bromine.  The  unsaturated  compounds 


/CN 

CH2-C< 

\P0(0R)8 


that  we  prepared  are  similar  to  those  cited. 

The  esters  of  a  -cyanovinylphospjhinic  acid  and  the  esters  of  a  -phosphonacrylic  acid  distil  to  leave  an  ^ 
Insignificant  residue;  their  constants  are  presented  in  Table  4. 

Esters  of  a  -sutstituted  vinylphosphinic  acid  were  also  previously  prepared  [2,  6]. 

Unsaturated  phosphorus -containing  compounds  were  synthesized  with  the  objective  of  converting  them  into 
high-molecular  compounds.  Although  the  prepared  esters  had  a  polar  character  (as  previously  described),  they 
did  not  polymerize  to  high-molecular  compounds,  probably  due  to  steric  hindrance. 

The  experimental  studies  were  performed  by  the  usual  methods,  as  already  described  [1]. 

SUMMARY 

1.  Methyl  a.0  -dibromopropionate  reacts  with  triethyl  and  tributyl  phosphite  with  formation  of  an  inter¬ 
mediate  addition  compound,  as  is  confirmed  by  the  change  of  the  physical  constants  of  the  reacting  products. 

The  Arbuzov  rearrangement  goes  in  two  separate  and  independent  steps. 

2.  The  nitriles  of  a,B  -dichloro-  and  a,B  -dibromopropionic  acids  react  with  remarkable  violence  with 
triethyl  and  tributyl  phosphite.  In  these  cases  also,  we  must  assume  the  formation  of  intermediate  addition  com¬ 
pounds,  as  indicated  by  subsequent  reactions. 

3.  Methyl  and  ethyl  esters  of  nitriloethoxy-  and  butoxy -a -phosphonacrylic  acids  are  obtained.  They  do 
not  polymerize  under  the  usual  conditions. 
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AZOMETHINE  DYES  FROM  OXINDOLE  DERIVATIVES.  II 


M.  S.  Kisteneva 


In  the  previous  communication  [1]  we  had  examined  the  influence  of  various  substituents,  found  on  the 
nitrogenatom  of  the  heteroradical  fR\on  the  color  of  the  azomethine  dyes  from  oxindole  (I)  (R*  =  H)  derivatives; 

Here  it  was  established  that  the  introduction  of  an  electronegative  group  in  the  1  position  causes  a  deepening  of 
the  color  of  these  compounds,  while  the  presence  of  an  electropositive  group  on  the  nitrogen  atom  leads  to  a 
slight  shift  in  the  position  of  the  absorption  maximum  of  the  dyes  toward  the  short-wave  side  of  the  spectrum. 
Apparently,  these  phenomena  are  associated  with  a  change  in  the  electron  shifts  along  the  conjugation  chain  (from 
the  diethylamino  group  to  the  carbonyl  oxygen  of  the  oxindole  radical  ).The  presence  of  an  electronegative  group 
in  the  1  position  facilitates  a  more  uniform  distribution  of  the  electron  density  in  the  chromophore,  since  it  weakens 
the  reaction  between  the  nitrogen  of  the  hetero  radical  and  carbonyl  oxygen.  The  introduction  of  an  electro¬ 
positive  group  or  nitrogen  of  the  hetero  radical  should  enhance  the  electron  shifts  from  this  atom  to  the  carbonyl 
oxygen,  in  connection  with  which  the  electron  density  in  the  chromophore  becomes  less  uniform. 

It  seemed  of  interest  to  study  the  dependence  of  color  of  such  dyes  on  the  presence  of  different  substituting 
groups  in  the  benzene  ring,  and  also  the  reciprocal  influence  on  color  of  the  substituents  with  a  nitrogen  atom  also 
present  in  the  aromatic  ring.  In  connection  with  this  we  synthesized  a  number  of  oxindole  derivatives  with  sub¬ 
stituents  in  the  5  position,  a  part  of  which  also  contained  an  alkyl,  phenyl  or  acetyl  group  on  the  nitrogen  atom  of 
the  hetero  radical.  The  condensation  of  these  compounds  with  p-nitrosodiethylaniline  gave  the  corresponding 
azomethine  dyes  (I); 


where  :  R=  H.  CH,.  CjHs,  CgHs.  COCHj;  R*  *  CHj,  OH,  OCH3,  NOj,  NHCOCH3  and  Br. 

The  dyes  of  this  group,  the  same  as  those  not  containing  substituents  in  the  benzene  ring,  have  one  fairly 
wide  absorption  band  in  the  visible  portion  of  the  spectrum. 

The  positions  of  the  absorption  maxima  of  the  synthesized  (3)-isatin  p-diethylaminoanils  in  alcohol  solutions 
are  given  in  Table  1. 

As  can  be  seen  from  the  data  in  Table  1,  the  presence  of  a  weakly  electropositive  group  (GH3,  OH,  OCH3, 
or  NHCOCH3)  in  the  5  position  of  the  hetero  radical  of  investigated  dyes  causes  either  a  slight  hypsochromic  shift 
of  the  absorption  maximum  or  is  practically  without  influence  on  the  color.  A  noticeable  deepening  of  the  color 
is  observed  when  a  bromine  atom  is  introduced  in  the  5  position.  The  entrance  of  a  nitro  group  produces  an  even 
greater  bathochromic  effect.  The  presence  of  two  electronegative  groups  in  positions  1  and  5  of  the  investigated 
dyes  leads  to  further  considerable  deepening  of  the  color.  The  observed  bathochromic  shift  is  close  to  the  sum  of 
the  shifts  produced  by  the  introduction  of  each  of  these  groups  separately . 

In  studying  the  absorption  spectra  of  the  dye  -  the  unsubstituted  derivative  of  oxindole  -  in  solvents  of  dif¬ 
ferent  polarity  it  was  established  that  in  ethyl  alcohol  the  electron  shifts  from  the  nitrogen  of  the  diethylamino 
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TABLE  I 


R' 

R 

Absorption 
maxim  um 
(in  mp ) 

Shift 
(in  mp  ) 

H 

H 

487 

H 

CH;, 

484 

—  3 

CH, 

CH;, 

484 

—  3 

OH 

CH, 

482 

—  5 

OCH, 

CH;, 

486 

-  1 

NHCOCH;, 

CH, 

487 

0 

NHCOCH;, 

H 

487 

0 

NO2 

H 

524 

-»-37 

NO* 

CH3 

524 

-r-37 

Br 

H 

506 

-♦-19 

Br 

CH, 

502 

-1-15 

Br 

C2H5 

498 

-♦-11 

Br 

Cf.H5 

518 

-h31 

Br 

COCH3 

530 

-♦-43 

group  to  the  carbonyl  oxygen  are  comparatively 
iiinaU,  obviously  due  to  the  reaction  of  the  latter 
witli  the  nitrogen  of  the  hetero  radical. 

The  introduction  of  a  nitro  group  in  the  5  position 
of  the  oxindole  radical,  attracting  electrons,  leads 
to  a  weakening  of  reaction  between  tlie  hetero  atoms 
and  tlic  carbonyl  oxygen  and  in  that  way  increases 
tlie  electron  shifts  along  the  conjugation  chain.  Here 
the  electron  density  distribution  in  the  chromophore 
evidently  becomes  more  uniform,  which  leads  to  a 
color  deepening  of  the  dye.  The  same  effect  is  ob¬ 
served  when  a  bromine  atom  is  introduced  in  the  5 
position  of  the  hetero  radical,  where  the  main  in¬ 
duction  influence  of  the  halogen  atom  appears. 


The  presence  of  an  additional  electronegative 
group  in  the  1  position  weakens  to  an  even  greater 
degree  the  electron  interactions  between  the  hetero 
atom  and  the  carbonyl  oxygen,  which  facilitates  even  greater  equalization  of  the  electron  density  in  the  chromo- 
phore  and  in  that  way  leads  to  a  further  deepening  of  color. 


EXPERIMENTAL 

Synthesis  of  Oxindole  Derivatives 

1.5-Dimethyloxindole.  a)  N-Chloroacetyl-N-methyl-p-toluidine.  To  a  solution  of  33  g  of  N- methyl- p- 
toluidine  in  130  ml  of  benzene  was  added  with  shaking  a  solution  of  17  g  of  chloroacetyl  chloride  in  60  ml  of 
dry  benzene.  After  several  hours  the  obtained  precipitate  of  methyltoluidine  hydrochloride  was  filtered  and  washed 
with  benzene.  The  benzene  solutions  were  combined,  washed  with  30*70  acetic  aied,  then  with  water,  and  dried 
over  sodium  sulfate.  The  benzene  was  distilled  under  reduced  pressure.  The  residue  was  vacuum- distilled  at 
10  mm.  Almost  all  of  the  substance  distilled  at  185*.  Yield:  78%,  pinkish  oil;  crystallized  on  standing;  m.p.  55*. 

Found  %:  N  7.47.  CjoHijONCl.  Calculated  %:  N  7.47. 

b)  A  mixture  of  2.5  g  of  N-chloroacetyl-N- methyl- p-toluidine  and  2.5  g  of  aluminum  chloride  in  a  flask 
fitted  with  an  air  condenser  and  calcium  chloride  tube  was  heated  for  30  minutes  at  145*  and  then  another  2  hours 
at  160*.  The  melt  was  poured  on  a  mixture  of  20  g  of  ice  and  3  ml  of  10%  hydrochloric  acid.  The  resulting  oil 
was  extracted  with  ether,  the  extract  dried  over  sodium  sulfate,  the  ether  distilled  off,  and  the  residue  vacuum- 
distilled.  A  yellowish  oil  distilled  at  148-150*  (10  mm),  which  on  long  standing  or  when  seeded  with  the  pure 
product  completely  crystallized.  After  two  recrystallizations  from  water  the  1,5-dimethyloxindole  was  obtained 
as  colorless  leaflets  with  m.p.  92*.  Yield  1.02  g  (47%).  Difficultly  soluble  in  cold  water,  more  readily  soluble 
in  hot  water,  and  very  soluble  in  alcohol  and  ether. 

Found  %:  N  8.78,  8.79.  CioHyON.  Calculated  %:  N  8.69. 

We  synthesized  l-methyl-5-hydroxyoxindole  [2]  from  N- acetyl- p-anisidine,  via  N-methyl-p-anisidine 
and  N-methyl-N-chloroacetyl-p-anisidine  [2].  Yield  83%.  Grayish  leaflets  with  m.p.  185-186*  (186*  [2]). 

1- Methyl- 5- methoxyoxindole  [2]  was  obtained  by  treating  an  alkaline  solution  of  1- methyl- 5- hydroxyoxin- 
dole  with  dimethyl  sulfate.  Yield  80%i.  Colorless  crystals  with  m.p.  92*  (92*[2]). 

5-Nitrooxindole  [3-5],  To  a  solution  of  4  g  of  oxindole  in  30  ml  of  sulfuric  acid  at  0-2*  was  added  3.3  g  of 
potassium  nitrate.  The  mixture  was  kept  at  this  temperature  for  30  minutes  and  then  poured  on  ice.  The  pre¬ 
cipitate  was  filtered,  washed  with  water,  and  dried  in  a  desiccator..  Weight  4.8  g.  Orange-brown  powder  with 
m.p.  ~  130*.  The  product  was  recrystallized  from  water  with  the  addition  of  charcoal  (weight  2.75  g,  m.p.  200- 
205*),  then  from  ethyl  alcohol  (weight  1.5  g,  m.p.  218-220*),  and  finally  from  50%)  acetic  acid.  Yield  0.75  g 
(15%f).  M.p.  233-234*.  Further  purification  failed  to  change  the  melting  point  (literature:  m.p.  236*  [4]  and 
240-241*  [3],  175*  [5]). 


2252 


1- Methyl- 5 -nitrooxindole  [2]  was  obtained  in  a  similar  manner  from  5-nitrooxindole.  It  was  purified 
by  two  recrystallizations  from  benzene.  Yield  Q0°]c.  M.p.  194-195*  (196*  [2]). 

5-Acetaminooxindole.  5-Aminooxindole  was  obtained  by  the  reduction  of  5-nitrooxindole  with  stannous 
chloride  in  alcohol- aqueous  hydrochloric  acid  medium.  The  use  of  metallic  tin  for  the  reduction  gave  us 
x-chloro-5-aminooxindole  as  the  main  reaction  product. 

a)  Reduction  of  5-Nitrooxindole  with  Stannous  Chloride.  A  suspension  of  5  g  of  5-nitrooxindole  in 
100  ml  of  ethyl  alcohol  was  added  in  10  minutes  at  50*  to  a  solution  of  35  g  of  stannous  chlcvide  in  35  ml  of 
hydrochloric  acid  and  35  ml  of  alcohol.  The  mixture  was  boiled  under  reflux  for  3  hours;  here  the  precipitate 
dissolved  and  the  yellow  solution  became  nearly  colorless.  After  standing  for  12  hours  the  cooled  solution 
gave  a  light- yellow  precipitate,  which  was  filtered,  washed  with  water,  and  again  dissolved  in  water.  Tin 
sulfide  was  precipitated  when  hydrogen  sulfide  was  passed  through  the  solution.  The  tin  sulfide  was  filtered 
and  washed  with  hot  water.  The  filtrate  and  wash  waters  were  evaporated  to  dryness.  Here  we  obtained  3  g 
(58*7o)  of  5-aminooxindole  hydrochloride  as  a  yellow-gray  powder.  A  highly  contaminated  product  was  ob¬ 
tained  from  the  acid  filtrate  after  removing  the  binary  salt  of  the  amine  with  stannic  chloride. 

Treatment  of  an  aqueous  solution  of  5-aminooxindole  hydrochloride  with  ammonia  gave  5-aminooxin¬ 
dole.  After  recrystallization  from  benzene  with  the  addition  of  carbon  and  zinc  dust,  m.p.  213-214*. 

Found  '7c;  N  18.97.  CjHgONj.  Calculated  %  N  18.91. 

b)  Reduction  of  5 -Nitrooxindole  with  Metallic  Tin.  A  mixture  of  3.6  g  of  5-nitrooxindole,  18  ml  of 
hydrochloric  acid  (d  1.17)  and  8  g  of  spongy  tin  was  heated  for  3  hours  on  the  boiling  water  bath  with  stirring. 
Then  5  ml  of  ethyl  alcohol  was  added  and  the  heating  continued  another  hour  on  the  boiling  water  bath  and 
then  1.5  hours  at  the  boil;  here  the  precipitate  of  the  5-nitro  product  dissolved  completely.  The  unreacted 
tin  was  filtered  and  washed  with  hot  water.  The  wash  water  was  added  to  the  main  solution,  which  was  then 
treated  as  indicated  above  (see  "a").  After  precipitating  the  tin  sulfide  the  filtrate  was  evaporated  to  incipient 
crystallization.  After  cooling,  the  precipitate  of  the  amine  salt  was  filtered,  washed  with  water,  and  dried  in 

a  desiccator.  Weight  1.2  g.  Further  evaporation  of  the  solution  gave  a  thick  dark- brown  mass,  from  which 
individual  products  could  not  be  isolated.  The  obtained  hydrochloride  was  dissolved  in  water,  and  treatment 
of  the  solution  with  ammonia  gave  the  free  base  as  a  precipitate,  which  was  filtered,  washed  with  water,  and 
dried  in  a  desiccator.  Weight  0.8  g.  M.  p.  ~  220*.  The  base  was  recrystallized  twice  from  benzene  with  the 
addition  of  carbon  and  zinc  dust.  Light,  slightly  grayish  leaflets  with  m.p.  225*. 

Founder  N  15.24,  15.47;  Cl  19.30.  C,H70N2C1.  Calculated ‘7o:  N  15.35;  Cl  19.42. 

The  acetylation  of  5-amino-x-chlorooxindole  (similar  to  the  preparation  of  5-acetaminooxindole)  gave 
colorless  crystals  (from  alcohol),  m.p.  266*. 

Found  <7c:  N  12.42,  12.04;  Cl  15.60.  CioHsOjNjCl.  Calculated  N  12.03;  Cl  15.79. 

5-Acetaminooxindole.  A  solution  of  2  g  of  5-aminooxindole  hydrochloride  in  20  ml  of  water  was 
treated  with  3.5  g  of  acetic  anhydride  and  0.88  g  of  sodium  acetate.  The  mixture  was  shaken  vigorously  for 
5  minutes.  The  precipitate  was  filtered,  washed  with  water,  and  dried  in  a  desiccator.  M.p.  270*.  Yield  12%. 
Recrystallization  from  benzene  gave  fine,  almost  colorless  crystals  with  m.p.  275*. 

Found  %o:  N  14.60.  CioHioOjNj.  Calculated  %o:  N  14.73. 

1  -  Methyl-  5-  acetaminooxindole  was  synthesized  from  1- methyl- 5- nitrooxindole  through  the  hydroch¬ 
loride  of  1- methyl- 5-aminooxindole,  similar  to  the  preparation  of  5-acetaminooxindole.  Colorless  leaflets 
with  m.p.  240-241*.  Very  difficultly  soluble  in  water  and  quite  soluble  in  ethyl  alcohol  and  hot  benzene. 

Found  %c-.  N  13.58.  CuHijOzNj.  Calculated  %l:  N  13.72. 

5-Bromooxindole  was  obtained  by  the  bomination  of  oxindole  in  water  solution  containing  potassium 
bromide  [6].  The  product  was  recrystallized  twice  from  ethyl  alcohol  with  the  addition  of  carbon.  Yield  50'7c. 
M.p.  219-220*  (220-221*  [6]). 

5-Bromo-l-methyloxindole.  Obtained  by  shaking  a  solution  of  1-methyloxindole  in  carbon  tetrachlo¬ 
ride  with  bromine  water  [7].  Yield  84*70.  Purified  by  recrystallization  from  gasoline  (b.  p.  90-115*'.  M.  p. 
132-133*  (133*  [7]). 
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5-Bromo-l-ethyIoxindole.  Synthesized  In  the  same  manner  as  the  N>methyl  derivative.  Yield  71^. 

M.p.  107-108*  (108*  [7]) 

5-Bromo-l-phcnyloxlndolc.  A  solution  of  4.2  g  of  1-phenyloxindole  in  80  ml  of  carbon  tetrachloride 
was  shaken  in  a  separatory  funnel  with  3.4  g  of  bromine  in  180  ml  of  water  until  the  bromine  color  disappeared. 
On  standing  a  yellowish  precipitate  separated  from  the  mixture,  which  was  filtered,  washed  with  water,  and 
dried  at'50-60*.  Weight  3.6  g.  M.p.  149-151*.  The  carbon  tetrachloride  layer  was  separated  and  evaporated 
in  vacuo  to  1/3  volume.  The  resulting  precipitate  was  filtered,  washed  with  10  ml  of  hot  alcohol,  recrystal- 
lizcd  from  alcohol  (weight  0.6  g,  m.p.  150-152*),  and  added  to  the  first  precipitate.  Total  yield  4.2  g  (74‘7«). 
The  obtained  5- bromo- 1-phenyloxindole  was  recrystallized  from  ethyl  alcohol.  Weight  2.7  g  (47*51).  M.p. 
162-163*  (162*  [7]). 

5-  Bfoino- 1- acetyloxindole.  A  mixture  of  2.1  g  of  5-bromooxindole  and  3  g  of  acetic  anhydride  was 
heated  in  a  flask  under  reflux  for  7  hours  at  135-145*  and  allowed  to  stand  to  the  next  day.  The  obtained 
crystals  were  filtered,  washed  with  alcohol,  and  dried.  Yield  1.5  g.  Recrystallization  from  ethyl  alcohol 
gave  colorless  crystals  with  m.p.  132-133*.  • 

Found  <%:  C  47.10;  H  3.30.  CioH,0,NBr.  Calculated  %■.  C  47.20;  H  3.13. 

Pr  e  paraiicn  of  p  -  Pi  ethy  la  m  i  noan  i  Is  of  (3)  -  Substituted  Isatins 

The  dyes  were  obtairied  by  boiling  an  alcohol  solution  of  equimolar  amounts  of  the  oxindole  derivative 
and  p-nitrosodiethylaniline  in  the  presence  of  piperidine  traces.  After  cooling,  the  dye  precipitate  was  fil¬ 
tered  and  washed  with  alcohol.  For  Purification  some  of  the  dyes  were  recrystallized  from  ethyl  alcohol.  In 
a  number  of  cases  they  were  chromatographed  on  aluminum  oxide  in  a  mixture  of  chloroform  and  benzene 
(1:1).  The  dyes  were  eluted  from  the  aluminum  oxide  with  the  same  mixture  or  with  benzene  alone.  The 
sclution  obtained  after  chromatographing  was  evaporated  in  vacuo  to  dryness,  and  the  dye  was  further  recrystal- 
lizcd  from  ethyl  alcohol.  The  conditions  used  to  prepare  the  dyes,  the  method  of  purification  their  properties 
and  the  analysis  results  are  all  tabulated  in  Table  2. 

SUMMARY 

1.  A  number  of  azomethine  dyes  were  synthesized,  being  oxindole  derivatives  and  specifically  the 
p-diethylaminoanils  of  (3)-substituted  isatins,  having  different  substituting  groups  in  the  5  or  in  the  5  and  1 
positions  of  the  hetero  radical;  absorption  spectra  in  the  visible  region  of  theit  alcohol  solutions  were  studied. 


2.  It  was  established  that  the  introduction  of  weakly  electropositive  groups  (CHs,OH,OCHj,NHCOCH3) 
in  5  position  of  het’ro  radical  in  these  dyes  either  causes  slight  hypsochromic  shift  or  is  without  affect 
cn  the  color.  Noticeable  deepening  of  the  color  is  observed  when  either  a  nitro  group  or  a  bromine  atom  is 
present  in  this  position,  which  is  made  even  deeper  by  introducing  a  second  electronegative  group  on  the 
nitrogen  atom  of  the  hetero  radical. 
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THE  TAUTOMERISM  OT  cv-PYRlDONE  AND  C  A  RBO  S  T  Y  RI  I. 


M.  I.  Kabaclinik,  S.  T.  Ioffe  and  Yu.  N.  Sheinker 


A  class^ic  and  well  studied  example  of  lactim- lactam  tautomerism  is  the  tautomerism  of  o-pyridone  and  of 
carliostyril. 


i/“°  U-o"  U\/-° 

NH  N  NH  N 


Even  at  the  end  of  the  last  century  Decker  [1]  depicted  the  structure  of  alkylpyridones  by  formula  (I).  The 
absence  of  characteristic  reactions  for  the  carbonyl  group  and  the  inability  shown  by  alkyl  halides  to  add  to  tri- 
valent  nitrogen  motivated  Fischer  [2]  to  propose  structure  (II),  which  however  failed  to  withstand  criticism,  due 
to  the  presence  of  a  pentacovalent  nitrogen.  Later  Auwers  [3J  and  Arndt  [4]  proposed  the  bipolar  structure  (III) 
without  explaining  the  inability  of  N-alkylpyridones  to  add  alkyl  halides.  By  analogy  with  the  structure  of  sub¬ 
stituted  o-piperidones,  Gautier  [5]  compared  the  carbonyl  group  of  pyridone  to  the  carbonyl  group  of  amides. 


">l  u 

N-R 


(11) 


0 

u-0 

R-N  / 


(HI) 


R-N+ 


-0-. 


The  pyridone  nucleus  is  capable  of  notli  aromatic  substitution  reactions  (halogenation  [5],  nitration  [6])  and 
of  catalytic  hydrogenation  under  conditions  that  are  typical  for  substances  with  conjugated  bonds.  Also  known  is 
a  large  number  of  reactions,  characteristic  for  both  the  lactim  (hydroxypyridine)  and  lactam  (pyridone)  forms. 
Pyridones  .show,  although  to  considerably  less  degree,  reaction  with  ferric  chloride,  a  reaction  typical  for  phenols, 
and  also  the  ability  to  couple  with  diazonium  salts  [7].  The  reaction  of  either  phosphorus  pentachloride  or  phos- 
phorus  oxychloride  with  pyridone  and  carbostyril  leads  to  a-chloro  derivatives  of  pyridine  and  quinoline.  The 
alkylation  of  pyridone  in  alkaline  medium  with  cither  methyl  iodide  or  dimethyl  sulfate  gives  mainly  N-methyl- 
pyridone  [8],  whereas  the  treatment  of  pyridone  in  neutral  solution  with  diazomethane  yields  2-methoxypyridine 
as  ihe  sole  reaction  product  [9].  Ketone  reactions  for  both  pyridone  and  carbostyril  are  absent.  In  their  properties 
these  substances  resemble  rather  the  N-substituted  amides.  Many  authors  have  studied  the  dual  reactivity  shown 
by  metal  derivatives  of  a- hydroxypyridine  and  a-hydroxyquinoline  [10]  in  alkylation  reactions,  leading  to  the 
formation  of  both  O-  and  N-substituted  derivatives.  The  close  similarity  of  the  ultraviolet  spectra  for  hydroxy¬ 
pyridine  and  N-methylpyridone  indicates  the  pyridone  form  of  2- hydroxypyridine  [11],  whereas  the  absorption 
spectrum  of  2-etlioxypyridine  in  neutral  solution  is  quite  different  from  the  spectrum  of  pyridone.  The  lactam 
form  for  carbostyril  was  ascertained  by  a  similar  spectral  method  [12]. 


.rt# 


.^0 


When  infrared  absorption  spectra  were  used  it,  was  shown  that  both  in  the  crystalline  state  and  in  solutions 
the  lactam  form  is  characteristic  for  the  a-  and  y -hydroxypyridines  [13],  carbostyril  and  a  number  of  other  or- 
and  y -hydroxy  derivatives  of  the  heterocyclic  series.  Together  with  this  it  should  be  mentioned  that  the  sensitivity 
of  the  spectral  methods  used  in  these  studies  was  insufficient  to  reveal  small  amounts  of  the  hydroxy  forms  (lactim.s). 
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In  addition,  ilic  llv-spcciral  iiRtliod  is  not  suit.ibJc  for  sliowingOIF  groups  in  substances  dissolved  in  hydroxyl-con¬ 
taining  solvents.  Since  the  tautomeric  lactiin- lactam  equilibrium  belongs  to  tlie  class  of  rapidly  established 
equilibria,  then  an  analytical  determination  of  either  the  laetim  form  or  of  the  position  of  the  equilibrium  did 
not  seem  possible,  due  to  the  too  rapid  mutual  transformation  rate  shown  by  the  fornts,  exceeding  the  rate  of  the 
used  analytical  reactions.  Consequently, we  used  the  potcntiometric  method  in  an  attempt  to  determine  the  pos¬ 
ition  of  tautomeric  equilibrium.  This  method,  developed  by  two  of  us  on  the  example  of  a  slowly  established 
keto-enol  equilibrium  [14],  was  also  used  successfully  to  determine  the  position  of  the  rapidly  established  equi¬ 
librium  for  the  tautomeric  dialkyl  monothiophosphates  [lb].  As  standards  for  the  potentiometric  measurements 
we  took,  on  the  one  hand,  N-alkyl  derivatives  of  pyridone  and  carbostyril,  and  on  the  other,  2-alkoxy  derivatives 
of  pyridine  and  quinoline.  The  measurements  were  made  in  water  and  in  SO'ye  (by  volume)  alcohol  solutions, 
partially  neutralized  with  0.05N  HCl,  at  a  concentration  of  0.005N  and  a  temperature  of  20*.  using  a  glass  elec¬ 
trode  and  a  lamp  potentiometer  of  the  LP-5  type  (the  measurement  accuracy  was  0,04  of  a  pH  unit).  Calculation 
was  based  on  a  simplified  form  of  the  equation  used  to  determine  the  ionization  constants  of  bases,  namely  [16]: 


K  -  (  J  )  .  ^^w  ,  where  M  is  tin 

b' M-([cr]-  [H+])  [H+] 

measurement  results  are  summarized  in  the  table. 


where  M  is  the  concentration  and  is  the  ionization  constant  of  water.  The 


In  alcohol  the  2-alkoxypyridines  and  quinolines  show  a  basicity  of  the  order  of  10"  and  in  water  appear 


as  somewhat  stronger  bases  (10* 


Point 

Substance 

pKi 

p 

Nos.  in 

in 

water* 

in  80% 
alcohol 

1 

N-  Methylpyridone 

12.16 

11.27 

2 

N-  Ethylpyridone 

12.37 

11.42 

3 

N- Me  thy  Iqu  incline 

12.38 

11.44 

4 

2  -  Meth  oxypyrid  ine 

10.57 

11.10 

m 

5 

2  -  Methoxy  qu  incline 

11.19 

11.75 

m 

6 

2  -  Ethoxy  quinoline 

10.96 

11.58 

r 

7 

a- Pyridone 

12.17 

11.34 

% 

8 

Carbostyril 

12.52 

11.56 

1. 

9 

4,6-Dimethyl-2-pyridone 

12.26 

11.45 

•  Due  to  the  limited  solubility  of  some  of  the  substances,  all  of  the 
measurements  were  made  in  7%  alcohol. 


The  ionization  exponents  show  good  agreement  with  the  Bronsted  equation: 

a  linear  relationship  with  tana  =  l(Fig.l, 
- - - -  points  4,5  and  6).  As  was  to  be  ex- 

— : - pected,  the  N-alkyl  derivatives  of  py- 

m  m  80 10  . .  j  ,  .  . 

.  ,  .  ,  ridone  and  carbostyril  proved  to  be  ex- 

wdter*  dlconol  ^  * 

- tremely  weak  bases  (the  ionization  con- 

12.16  11.27  stants  in  water  are  of  the  order  of  10*^*, 

12.37  11.42  and  in  alcohol  of  the  order  of  10'“). 

12.38  11.44  Pyridone,  carbostyril  and  4,6-dimethyl- 

10.57  11.10  2- pyridone  in  their  basic  properties 

11.19  11.75  jwoved  to  be  very  close  to  the  N-alkyl 

10.96  11.58  derivatives  and  the  points,  correspond- 

12.17  11.34  ing  to  their  ionization  exponents  (Fig.  1, 

12.52  11.56  points  7,8  and  9),  lie  with  slight  scat- 

12.26  11.45  tering  near  the  points  of  the  N-alkyl 

derivatives.  The  ionization  exponents 
me  of  the  substances,  all  of  the  of  both  the  tautomeric  substances  and 
jhol.  the  N-alkyl  derivatives  also  satisfy  a 

linear  relationship  with  tana=  1  (Fig.  1, 
points  1,2,3, 7,8  and  9). 


This  can  be  explained  only  by  the  fact  that  the  tautomeric  equilibrium  of  both  pyridone  and  carbostyril  is 
shifted  essentially  in  the  direction  of  the  lactam  form.  From  an  evaluation  of  the  accuracy  of  the  pH  measure¬ 
ments  made  in  the  experimental  portion  of  this  work  and  the  scattering  of  the  points  under  parallel  measurements 
for  the  same  substance  it  can  be  concluded  that  under  our  conditions  the  potentiometric  method  did  not  permit 
obtaining  an  accuracy  greater  than  that  needed  to  reveal  0.5-1*70  of  the  tautomeric  laetim  form.  As  a  result,  the 
data  obtained  by  this  method  are  found  to  be  in  full  agreement  with  the  data  of  other  methods  and  again  offer 
evidence  in  support  of  the  essential  predominance  of  the  lactam  form  in  tautomeric  equilibrium.  However,  we 
failed  in  our  attempt  to  quantitatively  ascertain  the  equilibrium  position.  In  addition,  the  closeness  of  the  Kjj 
values  for  all  of  the  studied  lactams  and  lactims  permits  assuming  that  here  the  equilibrium  cannot  be  shifted  in 
very  high  degree  (as,  for  example,  for  kynurln, .  where  the  difference  in  the  ionization  constants  of  N-methyl-4- 
quinolone  and  4-hydroxyquinoline  is  about  4 digits  [17]).  In  any  case,  there  still  lacks  a  reliable  base  for  the  con¬ 
clusion  that  tautomeric  laetim- lactam  equilibrium  is  shifted  to  the  lactam  side  to  such  extent  as  to  prevent  the 
possibility  of  forming  two  series  of  derivatives  as  the  result  of  each  of  the  tautomeric  forms  showing  reaction  (re¬ 
action  progressitig  without  transfer  of  reaction  center). 
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Fig.  1 

Desiring  to  evaluate  the  influence  of  ortho  and 
para  orienting  substituents  in  various  positions  of  die 
pyridone  ring  on  the  equilibrium  position,  we  pre¬ 
pared,  in  addition  to  the  above-mentioned  4,6-di- 
methylpyridone,  also  the  5-iodo-,  5-bromo-and  3,5- 
dibromopyridones,  and  the  5-bromo-2-methoxypy- 
ridine.*  However,  it  proved  impossible  to  measure 
the  ionization  constants  of  the  halo  derivatives  due 
to  their  extremely  weak  basicity;  consequently,  all 
of  these  compounds  were  studied  by  means  of  their 
infrared  spectra. 


The  IR spectra  of  5-bromo-,  5-iodo-,  3,5-dibromo-  and  4,6- dimethyl- 2- pyridone,  both  in  the  crystalline 
state  and  in  solution  (in  alcohol),  all  show  an  intense  absorption  band  in  the  1650  cm~*  region,  belonging,  as  had 
already  been  discussed  [13],  to  the  carbonyl  group  C=0  in  lactams.  To  a  large  degree  the  spectra  of  these  com¬ 
pounds  resemble  the  spectrum  of  pyridone  itself  (Fig.  2)  and  differ  noticeably  from  the  spectra  of  either  2-methoxy- 
5-bromo  pyridine  or  2-ethoxypyridine  (which,  incidentally,  closely  resemble  each  other.  Fig.  3).  Of  interest  is 
the  fact  that  the  carbonyl  band  in  3,5-dibromopyridone  shows  a  very  high  frequency  (1692  cm"^),  which  apparently 


Fig.  3 


*  L.  A.  Bogdanova  assisted  in  the  experimental  part. 


is  associated  here  with  the  absence  of  intermolecular 
hydrogen  bonds -C=0  H-N  due  to  steric  hindrance 
(the  adjacency  of  the  bromine  atom  to  the  C=0  group). 

It  is  possible  that  a  certain  lack  of  electron  density  dis¬ 
tribution  from  the  carbonyl  oxygen  to  the  bromine  also 
plays  a  definite  role  here. 

As  a  result,  there  is  no  evidenee  in  sup¬ 
port  of  a  noticeable  shift  in  tautomeric  equilibrium 
when  ortho  and  para  orienting  substituents  are  introduced 
in  the  pyridone  ring  —  halogens  in  the  3  and  5  positions 
or  methyl  groups  in  the  4  and  6  positions. 

SUMMARY 

1.  Based  on  pH  measurement  of  partially  neutral- 
-ized  solutions  the  ionization  constants  of  the  following 
compounds  in  water  and  in  80%  alcohol  were  calculated: 
pyridone,  carbostyril,  N-methylpyridone,  N-ethylpyridone, 
N-methylquinoline,  4,6-dimethylpyridone,  2-methoxy- 
quinoline,  2- ethoxyquinoline  and  2-methoxypyridine, 

2.  The  infrared  spectra  of  the  indicated  compounds 
were  taken,  and  also  those  of  the  5-iodo-,  5-bromo- 


,t>0 


<*r' 
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and  3,5-dibromo-  pyridones,  and  of  5-bromo-2-methoxypyridine. 

3.  With  the  aid  of  the  potentiometric  method  and  on  the  basis  of  infrared  spectra  it  was  concluded 
that  the  tautomeric  equilibrium  is  shifted  essentially  to  the  side  of  the  lactam  form. 
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THE  STRUCTURE  OF  GRAMICIDIN  S 


V.  TWO  FORMS  OF  GRAMICIDIN,  THEIR  MUTUAL  TRANSFORMATIONS  AND  STRUCTURE 
N.  I.  Gavrilov,  N.  A.  Poddubnaya,  L.  N.  Akimova  and  E.  M.  Grigoryeva 


To  establish  the  structure  of  gramicidin  S  we  [1-5]  and  a  number  of  other  investigators  [6-10]  used  various 
methods,  including  destruction  of  the  molecule,  electroreduction,  partial  hydrolysis,  and  also  spectrophotometry 
of  the  copper  biuret  complexes.  The  utilization  of  these  methods  made  it  possible  to  establish  the  architectural 
details  of  gramicidin  and  show  the  absence  of  a  cyclopolypeptide  structure  in  this  antibiotic.  As  a  result,  the 
presence  of  both  cyclic  and  peptide  types  of  bonds  in  the  gramicidin  S  structure  can  be  considered  to  be  without 
doubt.  Some  of  them,  i.e.  the  cyclic  types,  are  represented  by  phenylalanyl-prolyl-diketopiperazine,  while  the 
other  types  are  found  in  the  side  peptide  portion,  containing  valine,  ornithine  and  leucine.  The  presence  of  the 
phenylalanyl-prolyldiketopiperazine  was  established  by  electroreduction  of  the  gramicidin  and  its  isolation  by 
acid  hydrolysis  [5],  while  the  tripeptide  structure  of  the  peptide  portion  of  gramicidin  follows  from  the  analysis 
data  of  its  copper  biuret  complexes  [3]  (spectrophotometry,  "copper  numbers").  By  studying  the  biuret  reaction 
of  gramicidin  under  various  conditions  it  proved  possible  to  show  the  character  of  the  bonds  between  the  individual 
structural  elements  and  to  establish  the  dimeric  character  of  gramicidin  S. 


What  are  our  theories  relative  to  the  bond  forms  of  the  individual  structures  in  the  gramicidin  monomer 
with  its  subsequent  transition  into  the  gramicidin  dimer?  Below  are  shown  the  possible  combinations  with  each 
other  of  the  component  parts  of  gramicidin,  the  diketopiperazine  and  the  iripeptide  (the  am[no  acid  sequence 
given  by  Synge  [7]  was  used). 
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(III) 


The  presence  of  phenylalanyl- prolyl- valine  among  the  decomposition  products  of  gramicidin  can  be 
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cxplaiiH'd  by  the  liydrolysis  of  structure  (I).  However,  tlie  formation  of  leucylpheiiylalanine  in  the  gramicidin  hydro- 
lyzate  cannot  be '^explained  with  this  structure. 

The  hydrolysis  of  gramicidin  in  accord  with  structure  (II)  could  yield  two  tripeptides:  prolyl- phenylalanyl- 
valine  or  valyl-phenylalanyl- proline.  Neither  of  these  tripeptides  was  isolated  in  the  hydrolysis  of  gramicidin.  As 
a  resnit.  it  is  imiH'ssiblc  to  explain  the  formation  of  either  phenylalanyl- prolyl  valine  or  leucyl-phcnylalanine  with 
this  stiiK'tiiie. 

With  structure  (Ill)  it  is  impossible  to  explain  the  finding  of  phenylalanyl-prolyl-valine  in  the  gramicidin 
hydrolyv.aie.  Iherefore  all  of  the  found  dipeptides  show  good  agreement  with  such  a  structure.  The  formation  of 
leucyl  phenylalanine  can  also  be  explained  with  this  structure. 

In  addition,  according  to  structures (1)  and  (II)  gramicidin  should  show  a  free  carboxyl  group,  and  according 
to  (III)  a  free  amino  group.  Witli  the  exception  of  the  ornithine  amino  group,  it  was  established  by  analysis  that 
both  a  free  carboxyl  and  a  free  amino  group  are  absent  in  the  gramicidin  S  molecule.  Since  we  represent  gramicidin 
as  a  dimer,  in  which  the  mentioned  monomer  structures  can  show  coupling  between  themselves,  then  the  basic  pro¬ 
blem  relative  to  the  structure  of  gramicidin  reduces  to  an  examination  of  the  bond  between  the  phenylalanyl- pro- 
lyl-diketopiperazine  and  the  tripeptide  in  the  monomer 

At  the  present  time  two  forms  of  the  diketopiperazine  bond  with  amino  acids  and  with  peptides  have  been 
shown  by  synthesis  -  the  amidine  form  and  the  N-aminoacyl.  The  extent  to  which  the  mentioned  structures  are 
real  can  be  seen  from  a  comparison  of  the  hypothetical  structures  with  the  compounds  isolated  in  the  hydrolysis  of 
gramicidin  S.  This  comparison  enables  us  to  select  the  structure  that  is  in  fullest  accord  with  experimental  obser¬ 
vation. 

The  following  dipeptides  were  obtained  in  the  hydrolysis  of  gramicidin  S:  valyl- ornithine, ornithyl-  leucine, 
leucyl-phenylalanine  and  phenylalanyl- proline,  which  shows  good  agreement  with  the  data  for  the  decomposition 
of  structure  (III).  In  addition  to  the  enumerated  dipeptides,  we  also  isolated  the  tripeptides  -  phenylalanyl-prolyl- 
valine  and  valyl-ornithyl- leucine  -  from  the  decomposition  products  of  gramicidin.  The  first  tripeptide  is  evidence 
that  two  of  the  amino  acids  in  the  gramicidin  structure,  namely  proline  and  valine,  should  be  linked  with  each 
other.  Since  such  a  tripeptide  cannot  be  obtained  when  decomposition  is  in  accord  with  structure  (III),  then  it  is 
natural  to  assume  that  the  gramicidin  molecule  should  also  contain  a  grouping  in  which  the  proline  carboxyl  group 
is  linked  with  the  valine  amino  group.  For  this  we  will  examine  structures  (I)  and  (II),  in  which  union  is  realized 
through  the  valine  amino  group.  In  structure  (II)  the  valine  is  linked  with  the  carboxyl  group  of  phenylalanine. 

This  means  that  hydrolysis  of  such  a  structure  can  yield  only  prolyl-phenylalanyl- valine  or  valyl-phenylalanyl- 
proline,  i.e.  a  tripeptide  that  has  never  been  isolated  by  anyone.  From  this  the  existence  of  structural  formula  (II) 
for  the  gramicidin  monomer  is  not  real.  This  leaves  structure  (I),  where  the  tripeptide  bond  with  the  diketopipera¬ 
zine  is  realized  through  the  amino  group  of  valine  and  the  carboxyl  group  of  proline,  the  latter  in  turn  showing 
lactam  linkage  with  phenyl-alanine.  This  structure  is  supported  by  the  analysis  data  obtained  for  the  hydrolytic 
cleavage  products  of  gramicidin. 

Of  the  three  structural  formulas  examined  for  the  gramicidin  monomer,  only  the  first  and  third  agree  with 
the  structure  of  the  peptides  isolated  in  the  hydrolysis  of  gramicidin  and  do  not  contradict  experiment.  Therefore,  in 
gramicidin  the  two  structures  (I)  and  (III)  should  be  united  through  the  terminal  carboxyl  and  amino  groups  of  the 
monomers,  and  the  resulting  dimer  should  show  two  free  6 -amino  groups  of  ornithine,  which  is  also  found  in  accord 
with  the  data  on  the  dinitro  derivatives  of  gramicidin  with  respect  to  the  terminal  amino  groups.  It-oceeding  from 
.structures  (I)  and  (III),  the  total  formula  for  the  gramicidin  dimer  can  be  represented  by  structure  (IV). 
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Earlier  it  liad  been  shown  that  gramicidin  S  forms  two  types  of  copper  complexes  with  a  maximum  at  570 
mp  for  the  "violet"  and  a  maximum  at  535  mp  for  the  "red.".  The  "violet"  copper  complex,  indicating  the 
presence  of  a  trIpeptide  chain  in  the  gramicidin  structure,  on  standing  with  copper  in  alkaline  medium  shows  the 
ability  of  being  transformed  into  the  "red"  complex.  At  the  same  time  the  regeneration  of  the  "violet"  complex 
from  the  "red"  was  observed  on  acidification.  Without  a  doubt  this  transition  of  the  copper  biuret  complex  of 
gramicidin  from  an  "incomplete  violet"  to  a  "complete  red"  complex  is  associated  with  some  structural  character¬ 
istics  of  the  gramicidin,  which  we  attempted  to  decipher. 

For  this  purf)ose  we  prepared  the  "red"form  of  gramicidin,  and  by  careful  decomposition  of  its  copper  salt 
under  slight  acidification  with  hydrochloric  acid  we  isolated  gramicidin  as  the  monomer.  A  study  of  the  properties 
of  this  gramicidin  revealed  that  it  was  different  from  the  starting  gramicidin,  the  difference  reducing  to  the  fact 
that  its  molecular  weight  was  one  half  that  of  native  gramicidin.  Proceeding  from  the  examined  structures  (I) 
and  (111),  the  gramicidin  monomer  can  show  either  terminal  carboxyl  or  amino  groups.  In  addition  to  these  functional 
groups,  such  gramicidin  monomers  should  also  differ  from  each  other  in  the  forms  of  the  diketopiperazine  bonds 
with  the  tripeptide.  In  the  first  case  the  structure  of  the  monomer  with  a  terminal  carboxyl  group  sliould  contain 
the  amiduic  bond,  and  in  the  second  case  -  with  a  terminal  amino  group  -  the  N-aminoacyl  linkage.  In  the  gram¬ 
icidin  regenerated  from  the  "red"  form  it  was  the  terminal  aminO  group  that  was  shown  (by  the  Wilstatter  method), 
which  permitted  assigning  structure  (V)  to  the  gramicidin  S  monomer:  • 
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At  the  same  time  the  bond  existing  between  these  two  monomers  was  deciphered,  being  accomplished  througli 
the  free  terminal  amino  groups  of  valine.  This  bond  required  the  presence  of  two  amidine  groups  in  the  gramicidin 
dimer  structure. 

A  detailed  study  of  the  regeneration  conditions  for  gramicidin  revealed  that  the  dimerization  is  possible 
only  in  50  °lo  alcohol  in  the  presence  of  acid.  In  96*70  alcohol  in  the  presence  of  acid  the  amino  groups  do  not 
aminate,  as  a  result  of  which  they  are  incapable  of  forming  the  amidine  bond  under  these  conditions,  which  is 
confirmed  by  the  absence  of  dimerization  in  96*7t>  alcohol.  In  contrast  to  dimerization,  the  monomerization,  as¬ 
sociated  with  decomposition  of  the  dimer  at  the  amidine  bonds,  proceeds  only  in  alkaline  medium,  which  is  in 
good  agreement  with  the  instability  shown  by  some  amidines  in  alkaline  solutions. 

A  structure  analogous  to  that  of  the  gramicidin  monomer  was  found  in  the  molecule  of  the  ergot  alkaloids 
[11].  In  the  main  the  structure  of  these  alkaloids  was  studied  by  hydrolytic  methods,  such  as:  cleavage  with  either 
hydrazine  or  alkali,  thermal  decomposition,  and  in  addition,  reduction  with  lithium  aluminum  hydride.  The  re¬ 
duction  method  proved  especially  fruitful,  permitting  not  only  the  establishment  of  a  diketopiperazine  ring  in  the 
structure  of  the  alkaloids,  but  also  indicating  the  form  of  the  bond  between  this  ring  and  the  peptide  portion  of 
the  rest  of  the  molecule.  Thus,  the  isolation  of  substituted  piperazine  derivatives  from  the  reduction  products  is 
evidence  of  the  corresponding  N-aminoacyl  bond,  which  was  also  established  by  us  for  gramicidin. 

EXPERIMENTAL 

I.  Regeneration  of  Gramicidin  S  From  the  Red  Copper  Complex,  a)  From  50*7?  Alcohol  Solution.  Earlier 
it  had  been  shown  that  gramicidin  S  in  50*70  alcohol  forms  with  copper  the  "violet"  copper  complex  with  a  max¬ 
imum  at  570-575  mp.  On  standing  for  3  days  with  Cu(OH)2  this  complex  migrates  into  the  "red"  form"  •  with  a 
light- absorption  maximum  at  535  m  p  [3].  When  this  complex  was  decomposed  by  acidification  with  concentrated 
hydrochloric  acid  a  precipitate  was  obtained,  which  proved  to  be  the  original  gramicidin  with  m.p,  278  -  280*. 

•  A.  B.  Silaev  [1  ]  was  the  first  to  express  a  theory  relative  to  the  structure  of  the  gramicidin  monomer. 

•  "The  structural  form  of  gramicidin  S,  corresp)onding  to  the  copper  complex  with  a  red  color,  we  tentatively  des¬ 
ignate  as  the  "red  form". 


Ml* 
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Yield  86^0.  The  chromatogram  of  the  regenerated  gramicidin  (Fig.  1)  in  butanol- water- glacial  acetic  acid 
medium  in  the  ratio  4:5:1,  when  compared  with  that  of  the  original  gramicidin  (m.p.  278*).  showed  the  similarity 
of  the  two.  The  mixed  melting  point  with  the  original  gramicidin  failed  to  be  depressed.  The  Rf  of  the  regenerated 
and  original  gramicidin  is  the  same  and  equal  to  0.85. 

b)  From  Ethyl  Alcotiol.  To  obtain  the  "red"  form  we  prepared  a  solution  of  the  copper  biuret  complex 
of  gramicidin  S  in  96<7o  alcohol.  After  7.5  days  this  solution  with  a  light- absorption  maximum  for  the  copper  com¬ 
plex  of  535  m  p  was  made  slightly  acid  with  alcdiolic  hydrochloric  acid  solution.  The  regenerated  gramicidin 
was  extracted  with  chloroform,  separated  from  the  solution,  and  tlie  chloroform  was  vacuum- distilled  without 
heating.  The  gramicidin  yield  was  96  <70,  m.p.  278-281*.  M.  p.  of  the  original  gramicidin  was  278-281*. 


Regenerated 

gramicidin 

Gramicidin 

base 


oa 


Fig.  1 


The  gramicidin  obtained  in  this  manner  gives  a  copper  biuret  complex  with  a  light- absorption  maximum 
at  535  mp.  Its  chromatogram  on  paper,  in  butanol- water- glacial  acetic  acid  medium  (4:5:1),  gives  the  same 
distribution  coefficient  as  the  standard  -  the  original  gramicidin.  This  gramicidin  is  readily  soluble  in  ethyl, 
methyl,  butyl  and  isoamyl  alcohols,  acetic  acid,  benzene,  dioxane  and  acetone.  The  melting  point  of  the  gram¬ 
icidin  monomer  coincides  with  the  melting  point  of  the  original  gramicidin  S  (regeneration  occurs  during  melting). 
The  biological  activity  of  the  gramicidin  monomer  corresponds  to  that  of  the  original  gramicidin .  •  Repeated 
checking  of  the  electrochromatogram  revealed  that  the  "red"  form  of  gramicidin  moves  at  a  slower  rate  to  the 
cathode  side  than  does  the  original  gramicidin.  The  ionophoresis  experiments  were  run  in  acetic  acid  at  110  V 
and  a  potential  gradient  of  2  V/cm*  (Fig.  2).  The  determination  of  amino  nitrogen  in  the  original  gramicidin 
and  in  its  "red"  form  by  the  Wilstatter  method  showed  the  presence  in  the  latter,  in  contrast  to  the  original,  of  an 
additional  amino  group  (besides  the  5 -amino  group  of  ornithine). 


Gramicidin 


•Red  Form  "  of  Gramicidin 


O 


"Red  Form*  of  Gramicidin 

Found  NHj  4.68. 

Calculated  ’’Joi  NH2  4.60. 

^  Original  Gramicidin 

Found  Ni^  2.6.  C(oH9402oI^Cl2. 
Calculated  ^o:  Nl^  2.3. 


Fig.  2 

The  molecular  weight  of  the  "red  form"  of  gramicidin  S,  determined  (see  Table)  from  the  equation  of  solu¬ 
tion  densities  (in  alcohol  and  in  acetone)  [12],  is  equal  to  572.  The  molecular  weight  of  the  gramicidin  monomer, 
determined  by  the  Rast  method  in  camphor,  is  equal  to  1160.  In  view  of  the  fact  that  the  melt  •  of  gramicidin 
with  camphor  gave  a  copper  complex  with  a  maximum  at  560  m  p  it  is  most  probable  to  assume  that  dimerization 
of  the  gramicidin  occurs  when  its  molecular  weight  is  determined  by  the  Rast  method. 

Molecular  Weight  Determination  by  the  Barger  Method  [12].  15.6  mg  of  the  "red  form"  of  gramicidin  S  was 
dissolved  in  10  ml  of  96  ‘7c  alcohol  and  0.1  ml  of  this  solution  was  placed  in  a  capillary  with  d  =  2  mm  and  1  =  20  cm. 

*  We  wish  to  thank  A.  B.  Silaev  for  determining  the  activity  of  this  and  other  preparations. 

•  *0.9  mg  of  the  "red  form"  of  gramicidin  S  was  fused  with  20  mg  of  camphor  at  210-220*.  The  copper  complex 
was  prepared  from  the  melt  in  the  usual  manner. 
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In  the  same  capillary,  from  the  other  end,  was  placed  0.1  ml  of  a  solution  of  gramicidin  base  (15.7  mg  in  10  ml 
of  96  %  alcohol).  The  capillary,  sealed  at  both  ends,  was  glued  to  a  glass  plate  with  the  (null  point)  hairline 
nearer  the  studied  solution,  and  the  change  in  the  volume  of  the  drops  of  the  studied  solution  was  observed  under 
the  microscope,  using  a  micrometer  scale.  After  2-3  days  the  solution  concentrations  became  equalized  and  the 
dimensions  of  the  columns  of  liquid  in  the  capillary  assumed  a  constant  value.  The  molecular  weight  was  cal¬ 
culated  from  the  formula: 

M=  Mzik. 

Paf’t 

where  pj  is  the  wf'iglii  of  the  "red"  gramicidin,  pj  is  the  weight  of  the  "violet "gramicidin,  and  Pj  and  Pi  are  re¬ 
spectively  the  weight  of  the  solvent,  determined  by  the  dimensions  of  the  column  of  liquid  in  the  capillary.  The 
experimental  results  for  determination  of  the  molecular  weight  by  the  Rast  and  Barger  method  are  summarized  in 
tlie  Table. 

II.  Regeneration  of  Desaminated  Gramicidin  S.  As  we  had  published  earlier  [13],  gramicidin  S  that  had 
been  desaminated  at  the  6-NH2  group  of  ornithine  is  also  capable,  after  forming  a  primary  copper  complex  with 
a  light- absorption  maximum  at  wavelength  540  m/i,of  transformation  with  time  (70  hours)  into  a  new  form  with 
a  light- absorption  maximum  at  510  mp.  In  the  isolation  of  the  desaminated  gramicidin  with  maximum  at  510  mp 
from  a  solution  of  its  copper  complex  in  96*70  alcohol  a  monomer  with  the  same  maximum  was  isolated.  When 
the  desaminated  gramicidin  was  regenerated  from  a  solution  of  the  copper  complex  in  50*70  alcohol  we  failed  to 
obtain  the  monomer.  Regeneration  in  50*7o  alcohol  leads  to  the  original  gramicidin  with  a  light- absorption  max¬ 
imum  at  wavelength  540  mp.  As  a  result,  the  gramicidin  transformations  studied  by  us  and  also  repeated  with  the 
desaminated  form,  are  a  function  of  the  whole  structure. 


TABLE 

Determination  of  the  Molecular  Weight  for  Gramicidin  and  its  "Red"  Form  by  the  Rast  Barger  Methods 


Method 

li  Weight  of  studied  com- 
1  pound  (in  mg) 

Solvent  ' 

jw eight  of 
jcamphor 
(in  mg) 

Melting  point 
of  the  melt 

Comparative  values  of  the 
colums  of  liquid  in  the 

Molecular 
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gramicidin 

"red  "form 

;  capillary  (in  cm) 

S 

of  gram¬ 
icidin  S 

’ 

gramicidin  S 

(Pi) 

i  "red  "  form 
|of  gram¬ 
icidin  S(P2) 

Rast  J 

9.0 

_  1 

Camphoi 

90.0 

1 

173.0* 

1 

— 

1160 

1 

,  - 

9.0 

90.0 

172.9 

- 

- 

1160 

31.4 

15.6 

96<7o 

alcohol 

- 

- 

5.0 

5.0 

578.9 

25.5 

15.0 

m 

- 

- 

4.6 

5.4 

571.0 

15.7 

15.6 

- 

- 

6.7 

3.3 

567.6 

Barger 

15.8 

15.4 

Absolute 

acetone 

5.1 

2.7 

598.4 

31.4 

7.85 

tl 

- 

- 

3.4 

6.8 

561.6 

30.0 

25.0 

If 

- 

- 

6.3 

3.7 

567.7 

- 

7.3 

8.4 

Chloro¬ 

form 

SUM 

;mary 

7.1 

2.9 

545.19 

1.  Slight  acidification  permits  isolating  from  the  copper  biuret  complexes  of  gramicidin  S  the  following: 

a)  in  the  case  of  96*70  alcohol  the  monomeric  form  of  the  gramicidin  with  a  light- absorption  maximum 
at  535  mp  (’’red "  form); 

b)  in  the  case  of  50*7o  alcohol  the  dimeric  form  is  regenerated  with  a  light- absorption  maximum  at  570 
m  p  ("violet*  form); 


c)  the  "red”  form  of  gramicidin  has  two  free  amino  groups,  determined  by  the  Wilstatter  method. 

2.  The  desaminated  gramicidin  behaves  in  the  same  manner  as  gramicidin  in  the  formation  of  the 
copper  complex.  Its  monomeric  form  shows  a  light- absorption  maximum  at  wavelength  510  mp,  and  the 
dimeric  form  at  wavelength  540  mp. 
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ISOLATION  OF  A  NEW  ANTIBIOTIC  LONGISPORINE  AND 


STUDY  OF  ITS  CHEMICAL  NATURE 

G.  P.  Menshikov  and  M.  M.  Rubinshtein* 


After  N.  A.  Krasilnikov  [1 J  had  established  the  antibiotic  activity  of  the  culture  liquor  isolated  by 
him  from  the  strain  No.  108  Actinomyces  lon;’isporii$,  it  seemed  of  considerable  interest  to  obtain  the  pu,  e 
active  principle  for  the  purpose  of  studying  its  chemotherapeutical  action  and  elucidating  its  chemical 
nature.  The  present  study  deals  only  with  the  chemical  aspects  of  the  problem,  i.e.,  with  the  isolation  of  the 
pure  antibiotic,  which  we  have  named  longisporine,  and  a  study  of  its  chemical  nature.  It  should  be  mentioned 
that  longisporine  proved  to  be  very  active  in  vitro  against  the  tubercle  bacillus,  but  its  great  toxicity  (produces 
hemolysis)  does  not  permit  its  use  as  a  curative. 

The  pure  antibiotic,  the  isolation  and  purification  of  which  v;ill  be  detailed  in  Experimental  section, 
crystallizes  from  either  anhydrous  alcohol  or  petroleum  ether  as  large  snow-white  prisms,  melting  at  S9-101*, 
readily  soluble  in  chloroform,  alcohol  and  petroleum  ether,  and  practically  insoluble  in  water;  it  shows  weak 
dextro  rotation:  [ajj)  +  2.62*  (c  =  5:  chloroform).  The  results  of  numerous  elementary  analyses  of  various 
longisporine  specimens  with  m.p.  99-101*  showed  only  very  slight  differences.  Thus,  for  example,  the  carbon 
content  varied  from  66.23  to  66.6570,  and  the  hydrogen  from  8.86  to  9.127f.  Nitrogen,  sulfur  and  phosphorus 
were  not  detected  in  the  substance.  The  molecular  weight  of  the  antibiotic  was  determined  both  cryoscopically 
(in  benzene)  and  by  the  Rast  method.  All  of  the  these  determinations  gave  values  that  were  exceedingly  close 
to  650.  These  analytical  data  show  good  agreement  with  the  formula  CsgHsjOio,  for  which  the  calculated  7: 

C  66.42,  H  9.00  and  M  650.5. 

Despite  its  content  of  10  oxygen  atoms,  longisporine  is  a  completely  neutral  substance,  failing  to 
dissolve  in  either  alkalies  or  acids.  Determination  of  its  active  hydrogen  content  by  the  Tserevitinov  method 
also  gave  a  negative  result. 

Some  interesting  data,  throwing  light  on  the  chemical  nature  of  longisporine,  were  obtained  when 
its  hydrolytic  decomposition  was  studied.  It  proved  that  longisporine  is  capable  of  saponification,  but  at  a 
considerably  slower  rate  than  the  glycerides.  If,  as  is  known  for  the  latter,  1  hour  of  heating  is  sufficient  to 
give  the  desired  ester  number,  then  for  longisporine  a  considerably  longer  time  is  required,  as  can  be  seen 
from  the  table: 


Time  of  heating  (in  hours)  Ester  number 

1  62 

2  113 

8  248 

It  can  also  be  seen  from  this  table  that  1  longisporine  molecule  has  3  ester  groups,  since  for  a  mole¬ 
cular  weight  of  650  the  ester  number  should  be  equal  to  258,  which  differs  but  slightly  from  the  found  ester 
number  -  248.  From  this  the  question  naturally  arises:  isn't  the  antibiotic  isolated  by  us  a  glyceride,  contain¬ 
ing  still  unknown  acid?  True,  the  indicated  postulation  was  refuted  by  the  great  stability  shown  by  longis¬ 
porine  to  alkalies,  but  this  fact  could  not  be  considered  decisive,  and  in  this  connection  a  study  was  made  of  the 
the  hydrolysis  products  of  the  antibiotic;  here  a  special  attempt  was  made  to  find  glycerin.  It  proved  that  even 
the  saponification  of  3  g  of  the  substance,  where  about  0.4  g  of  glycerin  should  have  been  obtained,  failed  to 

*  Deceased. 
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show  the  presence  of  the  latter. 

From  the  hydrolysis  products  we  were  able  to  isolate  in  pure  form  only  a  crystalline  acid,  which  after 
recrystallization  from  a  mixture  of  equal  volumes  of  benzene  and  petroleum  ether  was  obtained  as  large  color¬ 
less  prisms  with  m.p.  64- 6f)*.  The  elementary  analyses,  equivalent  weight,  found  by  acidimetric  titration,  and 
also  the  molecular  weight,  determined  by  the  Rast  method,  gave  for  this  acid  the  empirical  formula 
The  active  hydrogen  determination  by  the  Tserevitinov  method  revealed  that  it  contained  2  active  hydrogen 
atoms.  From  this  it  must  be  concluded  that  tlie  acid  from  longisporine  is  a  hydroxy  acid  and  its  formula  can  be 
depicted  as  follows:  CioHjsOfOH)  'COOH.  From  this  formula  it  can  be  seen  that  two  of  the  oxygen  atoms  of  the 
acid  are  bound  in  the  carboxyl  and  one  in  the  hydroxyl  group.  As  regards  the  fourth  oxygen,  then  in  all  probability 
it  is  bound  as  an  ether  linkage.  This  is  indicated  by  the  inability  of  the  hydroxy  acid  to  react  with  phenylhydrazine 
and  with  semicarbazide.  The  yield  of  acid  from  the  saponification  of  longisporine  had  great  value  for  understand¬ 
ing  the  chemical  nature  of  the  latter.  It  was  found  that  3  g  of  the  antibiotic  yields  1.2  g  of  the  pure  hydroxy  acid. 
From  this  It  follows  that  the  longisporine  molecule  c  ntains 2 radicals  ofthis  hydroxy  acid,  as  otherwise  its  theo¬ 
retical  yield  would  be  a  total  of  only  0.99  g. 

In  the  light  of  the  discussed  experimental  data  a  number  of  conclusions  can  be  made  relative  to  the 
chemical  nature  of  longisporine.  As  had  already  been  mentioned,  the  latter  has  the  composition  CssMsgO^o  and 
contains  3  ester  groups.  Consequently,  its  saponification  should  result  in  the  absorption  of  3  molecules  of  water 
and  the  formation  of  3  acids,  having  a  total  of  36  carbon  atoms,  64  hydrogen  atoms  and  13  oxygen  atoms.  The 
isolated  acid  has  the  composition  CuHij04, 2  ofits  radicals  being  contained  in  the  antibiotic  molecule.  From  this 
the  total  required  for  the  acid  is:  22  hydrogen  atoms,  36  hydrogen  atoms  and  8  oxygen  atoms.  Simple  calculation 
shows  that  the  unknown  (not  isolated)  acid  should  have  the  empirical  formula  Ci4H2g05.  This  formula,  in  which 
the  number  of  hydrogen  atoms  is  twice  the  number  of  carbon  atoms,  shows  that  the  oxygen  atoms  of  this  acid,  other 
than  the  two  carboxyl  oxygens,  should  be  bound  either  as  hydroxyl  groups  or  as  ether  groups.  However,  the  absence 
of  active  hydrogen  atoms  in  the  antibiotic  molecule  leads  to  the  conclusion  that  this  acid  also  has  only  one  hydroxyl 
group,  which,  the  same  as  its  carboxyl  group,  participates  in  the  formation  of  the  antibiotic  ester  groups.  All  of 
this  suggests  that  longisporine  is  a  cyclic  ester  of  three  hydroxy  acids,  constructed  in  accord  with  the  following 
scheme: 


(CioHieO)-CO-O-(CioHieO) 


O  CO 

io — (CisHggOg) — O 


In  conlusion  we  wish  to  thank  N.  A.  Krasilnikov  for  supplying  us  with  the  Actinomyces  longisporus  culture. 

EXPERIMENTAL 

Isolation  and  Purification  of  Longisporine.  Even  the  first  investigations  revealed  that  the  main  antibiotic 
mass  is  found  in  the  mycelium,  and  not  in  the  water  solution;  consequently,  in  obtaining  it  we  took  this  into  con¬ 
sideration  and  settled  on  the  following  method,  which  was  checked  on  a  large  laboratory  scale. 

Twenty  liters  of  the  culture  liquor  with  mycelium  was  vigorously  stirred  for  1  hour  under  mechanical 
stirring  with  2  liters  of  chloroform,  and  then  allowed  to  stand  overnight  to  settle.  By  morning  the  mixture  had 
separated  into  3  layers:  a  top  clear  water  layer  (A),  then  a  water  layer  with  mycelium  (B),  and  finally  a  clear 
bottom  chloroform  layer.  The  latter  was  separated  together  with  the  mycelium-containing  water  layer  (B),  and 
both  were  again  vigorously  stirred  for  1  hour.  Here  an  emulsion  was  formed,  which  was  separated  by  centrifuging 
(about  2500  r.p.m.).  After  this  the  contents  of  the  flasks  were  poured  into  a  separatory  funnel,  where  the  chloro¬ 
form  was  separated  from  the  mycelium-containing  water  layer  (Q.  The  chloroform  extract  dried  over  sodium 
sulfate,  filtered,  and  the  chloroform  removed  by  distillation.  The  residue  from  the  chloroform  distillation  and  the 
mycelium  of  the  water  layer  (A)  were  again  vigorously  stirred  for  30  minutes  with  4  liters  of  fresli  chloroform. 

On  conclusion  of  stirring  the  mixture  showed  rapid  stratification,  and  the  chloroform  was  separated  from  the  water 
in  a  separatory  funnel.  The  chloroform  extract  (D)  was  then  used  to  extract  the  mycelium- containing  water  layer 
(3).  For  this  the  latter  was  vigorously  stirred  for  1  hour  with  1  liter  of  chloroform  (D).  As  in  the  first  case,  the 
resulting  emulsion  was  broken  by  centrifuging,  and  the  chloroform  was  separated  from  the  mycelium- containing 


water  layer  in  a  separatory  funnel.  The  chloroform  extract  was  dried  and  then  distilled  to  remove  chloroform, 
while  the  mycelium- containing  water  layer  was  extracted  again  with  chloroform  (B).  This  operation  was 
repeated  4  times,  until  all  of  the  chloroform  0^)  had  been  consumed.  Then  the  mycelium  was  discarded, 
while  all  of  the  chloroform  extracts  were  combined  and  from  them  on  the  water  bath,  at  first  at  atmospheric 
pressure,  and  then  at  the  end  in  vacuo,  the  chloroform  was  completely  removed  by  distillation.  The  residue 
was  a  thick  dark  mass,  which  when  first  obtained,  could  not  be  crystallized  from  any  solvent.  A  crystalline 
antibiotic  was  first  obtained  only  after  its  purification  with  aluminum  oxide.  For  this  the  noncrystallii.iiig 
mass  remaining  after  distilling  off  the  chloroform  was  dissolved  in  20  parts  of  dry  ether,  and  the  ether  solution 
was  slowly  passed  through  a  column  filled  with  aluminum  oxide,  which  had  previously  been  treated  with  SO'f 
sulfuric  acid  solution  and  washed  free  of  the  latter  with  distilled  water.  After  all  of  the  ether  solution  had 
been  passed  through ,  the  column  was  washed  with  dry  ether.  The  wash  ether  was  combined  with  the  main 
solution,  and  the  solvent  was  completely  removed  by  distillation.  The  residue  was  dissolved  with  heating  in 
the  minumum  amount  of  anhydrous  alcohol  or  petroleum  ether  (b.p.  60-80*)  and  allowed  to  stand  at  0*.  Here 
large  prisms  of  the  crude  antibiotic  crystallized  very  slowly  (at  times  a  week  and  longer)  from  the  solution, 
which,  after  washing  with  a  mixture  of  alcohol  and  ether,  melted  in  the  very  wide  range  of  60-70*.  Subsequently 
we  were  able  to  obtain  a  crystalline  antibiotic  from  most  of  the  culture  liquors  without  resorting  to  the  pur¬ 
ification  with  aluminum  oxide.  In  these  cases  we^'  -  could  achieve  crystallization  of  the  substance  in  con¬ 

centrated  alcohol  solutions  of  0*  by  first  seeding  with  a  few  longisporine  crystals. 

For  final  purification  of  the  crude  crystalline  antibiotic  obtained  in  this  manner  the  latter  was  first 
recrystallized  2-3  times  with  charcoal  from  3  parts  of  anhydrous  alcohol,  and  then  3-4  times  without  the 
charcoal  from  3  parts  of  petroleum  ether.  Usually  these  recrystallizations  were  sufficient  to  give  a  substance 
with  m.p.  99-101*,  remaining  constant  even  after  further  recrystallizations. 

[a]jj  +  2.62*  (c  =  5;  chloroform). 

Found  ^Jc.  C  66.33,  66.51;  H  8.98,  9.08.  M  (Rast  method)  643,  657,  659;  (from  benzene)  641, 

656.  CsfiHs^io-  Calculated  C'66.. 42;  H  9.00;.M  650.5. 

The  longisporine  yield  varied  greatly.  Evidently,  it  is  strongly  dependent  on  the  fermentation  con¬ 
ditions.  For  different  series  from  20  liters  of  culture  mass  (culture  liquor  with  mycelium)  the  variation  in 
yield  ranged  from  0  to  1.5  g,  based  on  the  pure  substance  with  m.p.  99-101*.  At  times  the  culture  mass  w"S 
such  that  a  comparatively  large  amount  of  crystalline  substance  was  obtained,  which,  despite  numcrousji- 
crystallizations,  could  not  be  purified  and  brought  up  to  the  desired  melting  point  of  100*. 

Saponification  of  Longisporine.  The  ester  number  was  determined  in  the  usual  manner.  The  antibiotic 
samples  taken  for  analysis  weighed  approximately  1  g.  The  saponification  was  run  with  0.5N  alcoholic  potas¬ 
sium  hydroxide  solution. 

To  obtain  the  hydroxy  acid  3  g  of  longisporine  was  dissolved  in  40  ml  of  IN  alcoholic  potassium 
hydroxide  solution.  The  solution  was  boiled  for  8  hours  under  reflux  on  the  water  bath;  after  cooling,  a  small 
amount  of  water  was  added  to  it,  and  all  of  the  alcohol  was  removed  by  steam- distillation.  The  remaining 
opalescent  aqueous  solution  was  made  acid  to  Congo  with  20*70  sulfuric  acid  solution.  The  hydrolysis  products 
were  extracted  with  chloroform.  The  chloroform  extract  was  dried  over  sodium  sulfate,  and  the  chlOToform 
distilled  off.  A  thick  yellow  oil  remained,  which,  after  treatment  with  a  very  small  amount  of  benzene- 
petroleum  mixture  (1:1)  and  standing  for  several  days  at  0*,  partially  crystallized.  The  crystals  were  sep¬ 
arated,  washed,  and  recrystallized  from  the  same  mixture.  After  two  recrystallizations  the  substance  was 
obtained  as  large  snow-white  prisms,  melting  at  64-65*.  Further  recrystallizations  failed  to  change  this 
melting  point.  Yield  1.2  g. 

Found  *7:  C  61.34,  61.44;  H  8.74,  8.78;  OH  16.27,  15.47.Equiv214J3.M  (Rast  method)  211,  217. 

CiiHi,04.  Calculated  *7:  C  61.66;  H  8.46;  20H  15.89.Equiv214.1.  M  214. 

To  remove  excess  sulfuric  acid, the  acid  water  solution,  from  which  the  hydroxy  acid  had  been  ex¬ 
tracted  with  chloroform,  was  treated  with  a  solution  of  barium  hydroxide  and  together  with  the  precipitate 
was  evaporated  to  dryness  in  a  dish  on  the  water  bath.  The  dry  residue  was  extracted  with  alcohol  in  a  Soxhlet 
apparatus.  After  distilling  off  the  alcohol  we  were  unable  to  show  the  presence  of  glycerin  in  the  very  small 
amount  of  residue  obtained,  even  qualitatively  (by  the  formation  of  acrolein). 
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SUMMARY 


1.  A  new  crystalline  antibiotic  of  composition  isolated  from  the  culture  mass  (culture 

liquor  widi  mycelium)  of  the  strain  No.  108  Actinomyces  longisporus  (the  classification  of  N.  A.  Krasilnikov), 
which  we  have  named  longisporine.  The  latter  has:  b-p.  99-101*  and  [alQ  2.62*. 

2.  The  combination  of  the  investigated  chemical  properties  of  longisporine  is  evidence  that  the  new 
antibiotic  is  a  cyclic  ester  of  three  hydroxy  acids,  in  structure  conforming  to  the  scheme  indicated  above. 
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SYNTHESIS  OF  3- VIN  Y  LPI  PERIDINE 

L.  N.  Yakhontov  and  M.  V,  Rubtsov 


Two  schemes  are  described  in  the  literature  for  the  synthesis  of  3-vinylpiperidine  (VI):  1)  starting  from 
3-hydroxymethylpiperidine  in  six  steps  with  a  yield  of  less  than  0.5  %  [1];  and  2)  from  3-acetylpyridine  in  two 
steps  with  a  yield  of  about  4*70  [2].  Both  schemes  are  characterized  by  extremely  low  yields  of  (VI)  and  both 
exclude  the  possibility  of  adding  the  propionic  acid  radical  at  the  4  position  of  the  piperidine  ring,  i.e.,  both 
schemes  are  unsuitable  for  the  synthesis  of  homomeroquinene. 

In  this  paper  we  describe  the  synthesis  of  (VI)  from  the  hydrochloride  of  3-(a-chloroethyl)-pyridine  by  a 
scheme  that  might  also  prove  suitable  for  the  synthesis  of  homomeroquinene. 
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The  starting  product  was  3-(a-chloroethyl)- pyridine  (1),  prepared  from  3-acetylpyridine  [3].  The  reaction 
of  (I)  with  diethylamine  gave  3-(a-diethylaminoethyl)-pyridine  (II),  which  under  catalytic  hydrogenation  was 
transformed  into  3-(a-diethylaminoethyl)-piperidine  (III).  The  benzoyl  derivative  (IV)  of  the  latter  was  converted 
into  the  Quaternary  salt  (V),  which  was  subjected  to  Hofmann  cleavage  to  give  3-vinylpiperidine  (VI).  The  yield 
of  (VI),  based  on  (I),  was  50‘7r.  Our  product  (VI)  was  identical  with  the  3-vinylpiperidine  described  in  the  literature. 

However,  the  position  of  the  double  bond  in  this  compound  was  not  shown  experimentally.  Moreover  it  is 
known  that  in  the  attempted  preparation  of  3- vinylquinuclidine,  a  compound  similar  to  3-vinylpiperidine,  a  shift¬ 
ing  of  the  double  bond  is  observed  in  most  cases  with  the  formation  of  3-ethylidene-quinuclidine  [4].  Our  oxida¬ 
tion  of  (VI)  with  potassium  permanganate  led  to  the  formation  of  nipecotic  acid,  which  supports  structure  (VI)  as 
being  that  of  3-vinylpiperidine. 


EXPERIMENTAL 

3-(«-Diethylaminoethyl)- pyridine  (II).  A  mixture  of  3  g  of  3-(a-chloroethyl)-pyridine  hydrochloride  (I) 
and  20  g  of  diethylamine  was  heated  for  10  hours  at  120*  in  a  sealed  tube.  Then  the  tube  contents  were  treated 
with  10  ml  of  50'%  potash  solution,  followed  by  extraction  with  ether.  The  ether  extract  was  dried  over  potash. 
The  ether  and  excess  diethylamine  were  vacuum-distilled.  The  residue  distilled  at  106-107*  (9  mm).  Here  we 
obtained  2.6  g  (87‘7)  of  a  pale  yellow  quite  volatile  oily  substance,  readily  soluble  in  the  ordinary  organic  solvents 
and  difficultly  soluble  in  water;  n^  1.5017. 

Found  <7(;  N  15.87,  15.57  CuHijNa.  Calculated  %  N  15.73. 
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Dihydrochlolide:  colorless  crystals  with  m.p.  209-210*,  readily  soluble  in  water  and  alcohol  and  insoluble 
ether,  acetone,  chloroform  and  benzene. 

Found  <7c:  C  52.39;  H  7.89;  N  11.11;  Cl' 28.48,  28.09.  CaHisNj- 2HC1.  Calculated  <7.:  C  52.58; 

H  7.96;  N  11.05;  Cl'  28.21. 

3-(ot-Diethylaminoethyl)- piperidine  (III).  A  solution  of  4.93  g  of  3-(a-diethylaminoethyl)-pyridine 
dihydrochloride  in  75  ml  of  anhydrous  alcohol  was  hydrogenated  in  the  presence  of  0.2  g  of  Adams  platinum 
catalyst.  The  hydrogenation  was  run  at  room  temperature  at  a  pressure  of  20-30  cm  of  water  column  and 
was  ended  in  10  hours.  The  catalyst  was  filtered  and  the  filtrate  was  evaporated  in  vacuo.  The  yield  of  3- 
(a-diethylaminoethyl)-piperidine  dihydrochloride  was  4.99  g,  or  a  quantitative  yield.  Colorless  crystals  with 
m.p.  118-119*,  soluble  in  water,  alcohol  and  chloroform,  difficultly  soluble  in  acetone,  benzene  and  toluene, 
and  insoluble  in  ether.  After  recrystallization  from  benzene  the  melting  point  of  the  substance  shewed  no 
change. 

Found  C  51.32;  H  10.28;  N  11.19.  CaH24N2.-2HCl.  Calculated  v:  C  51,36;  II  10.11;  N  10.39. 

1- Benzoyl- 3-(a-diethylaminoethyl)- piperidine  (IV).  To  a  mixture  of  5  g  of  3-(a-diethylaminoethyl)- 
piperidine  dihydrochloride,  1.1  g  of  sodium  carbonate,  5.5  g  of  sodium  acetate  and  20  ml  of  water  was  added 
at  18-20*  in  15  minutes  with  stirring  3.4  g  of  benzoyl  chloride.  Stirring  was  continued  for  another  5  hours  at 
18-20*.  Then  the  reaction  mixture  was  treated  with  20  ml  of  50  potash  solution  and  extracted  with  chloro¬ 
form.  The  chloroform  extract  was  dried  over  sodium  sulfate,  and  the  chloroform  was  vacuum -distilled.  Residue 
4.55  g.  Its  vacuum- distillation  gave  4.1  g  (13°/:)  of  oily  substance  with  b.p.  169-171*  (8  mm),  n^  1.5132, 
readily  soluble  in  the  ordinary  organic  solvents  and  insoluble  in  water. 

Found  o}ci  C  75.22,  74.92;  H9.62,  9  82;  N  9.55.  CnH^gONj.  Calculated  7:  C  75.00;  H  9.72;  N  S.72. 

The  Methiodide  of  l-benzoyl-3-(a-diethylaminoethyl)-piperidine  was  obtained  by  boiling  a  solution 
of  base  (IV)  and  methyl  iodide  in  anhydrous  toluene  for  36  hours.  Colorless  crystals  with  m.p.  121-122*, 
soluble  in  water  and  alcohol,  and  insoluble  in  ether,  acetone,  benzene  and  chloroform. 

Found  N  6.54;  I '  29.66.  C19H31ON2I.  Calculated  <^c:  N  6.51;I  '  29.53. 

3-Vinylpiperidine  (VI).  To  1.7  g  methiodide,  of  l-benzoyl-3-(a-diethylaminoethyl)-piperidine  in 
10  ml  of  water  was  added  10  ml  of  a  50%  potassium  hydroxide  solution;  here  an  oily  substance  separated. 

The  reaction  mass  was  boiled  for  1  hour  under  reflux.  A  strong  amine  odor  developed  during  the  boiling 
process.  The  water  with  amines  was  removed  by  distillation.  The  residue  was  treated  with  10  ml  of  water 
and  then  distilled.  The  combined  distillates  were  treated  with  50%  potassium  hydroxide  solution  and  then 
extracted  with  ether.  The  ether  extracts  were  dried  over  sodium  sulfate.  The  ether  was  vacuum-distilled 
at  20*.  The  residue  (0.4  g)  was  distilled.  The  fraction  with  b.p.  150-155*  was  collected.*  Here  we  obtained 
0.3  g  (70%)  of  a  colorless  mobile  oil,  readily  soluble  in  the  ordinary  organic  solvents  and  in  water.  The  sub¬ 
stance  contains  a  double  bond  (test  with  potassium  permanganate);  n^  1.4738  [1]. 

Picrate:  yellow  crystals  with  m.p.  161-163*  (from  alcohol). 

Oxidation  of  3-Vinylpiperidine.  0.2  g  of  3-vinylpiperidine  was  acidified  with  10%  sulfuric  acid  until 
weakly  acid  to  Congo  and  then  was  oxidized  by  adding  in  drops,  in  3  hours,  at  0-5*,  a  solution  of  0.8  g  cf 
potassium  permanganate  in  30  ml  of  water.  During  the  oxidation  the  reaction  was  maintained  slightly  acid 
by  adding  10%  sulfuric  acid.  The  manganese  dioxide  was  filtered  and  washed  with  water.  The  water  solution 
was  made  alkaline  with  10  ml  of  16%  soda  solution  and  then  treated  with  0.3  g  of  benzoyl  chloride  under 
stirring.  After  6  hours  the  solution  was  extracted  with  ether,  then  the  water  layer  was  acidified  with  hydro¬ 
chloric  acid  and  extracted  with  ether.  The  ether  was  removed  by  distillation.  The  residue- 0.3  g  of  solid, 
representing  a  mixture  of  1- benzoyl -nipecotic  acid  and  benzoic  acid- was  treated  with  10  ml  of  concentrated 
hydrochloric  acid.  The  obtained  mixture  was  boiled  for  8  hours.  The  benzoic  acid  was  extracted  with  ether. 
The  aqueous  hydrochloric  acid  solution  was  evaporated  to  dryness.  The  yield  of  crystalline  substance  with 
m.p.  239-240*  [5,6]  was  0.1  g,  being  the  hydrochloride  of  nipecotic  acid.** 

*Iddes  and  coworkers  [2]  give  for  3  vinylpiperidine,  b.p.  150-155*;  picrate,  m.p.  162-164*  (from  benzene). 
Merchant  and  coworkers  [1]  give  for  3-vinylpiperidine,  b.p.  152-155*,  np  1.4731. 

*  *Ladenburg  [5]  gives  for  the  hydrochloride  of  nipecotic  acid  the  m.p.  239-240*,  and  Freudenburg  [6]  the 
m.p.  240-241*. 
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SUMMARY 

1.  3-Vinylpiperidine  was  synthesized  in  5  steps  from  3-(a-chloroethyl)-pyridine  with  a  yield  of  50 '7o, 
based  on  reacted  products. 

2,  The  position  of  the  double  bond  in  3-vinylpiperidine  was  shown  by  the  oxidation  of  the  latter  with 
potassium  permanganate  to  nipecotic  acid. 
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SOME  6  -CHLOROETHYL  AND  ETHYLENIMINE  DERIVATIVES  OF  PYRIDINE 


B.  M.  Mikhailov  and  T.  K.  Kozminskaya 


Numerous  nitrogen  analogs  of  mustard  gas,  and  also  the  ethylenimine  derivatives  of  various  classes  of  organic 
compounds,  show  antineoplastic  properties.  Up  to  now  only  several  compounds  of  this  type  have  been  described 
in  the  pyridine  series.  4,6-Dimethyl-5-hydroxy-3-  6-chloroethylaminomethylpyridine  [1]  and  the  bis(0-chloro- 
ethyl)  amides  of  nicotinic  and  isonicotinic  acid  [2]  belong  here. 

We  synthesized  some  3,5-disubstituted  pyridine  derivatives  in  which  the  0 -chloroethyl  and  ethylenimine 
groupings  were  found  in  the  side  chain.  The  starting  compound  for  the  syntheses  was  2,6-dimethyl-3,5-di(chloro- 
methyl)pyridine  (III),  obtained  from  the  diethyl  ester  of  2,6-dimethyldinicotinic  acid  (I)  by  its  reduction  with 
lithium  aluminum  hydride  to  2,6-dimethyl-3,5-di(hydroxymethyl)pyridine  (II)  and  subsequent  chlorination  of  the 
diol  by  the  use  of  thionyl  chloride. 

CzHgCOa-^lCOOCaHs 

CH3*>^JcH3 

N 

(I) 


OHCHa'^NcHaOH 

i3\JcH3 
N 
(ID 


CICH2j^VH2Cl 


CHo 


CH: 


3'^/ 

N 

(III) 


The  synthesis  of  bis(B-chloroethyl)  amines  from  halo  derivatives  with  a  labile  halogen  is  usually  accomplished 
in  two  steps- condensation  of  the  halo  derivatives  with  diethanolamine  and  subsequent  replacement  of  the  hydroxyl 
groups  by  chlorine  atoms.  We  were  able  to  condense  the  dichloromethyl  derivative  of  pyridine  directly  wi,th  bis(0- 
chloroethyl)amine  and  obtain  2,6-dimethyl-3,5-di[bis(6-chloroethyl)aminomethyl]pyridine  (IV)  in  one  operation. 


(C1CH2CH2)2NCH2|^|CH2N(CH2CH2C1)2 

CH3^JcH3 

N 

(IV) 


With  ethylenimine  in  the  presence  of  triethylamine  2,6-dimethyl- 3,5- di(chloromethyl)pyridine  reacts  in¬ 
differently  and  this  way  2,6-dimethyl-3,5-di(ethyleniminomethyl)pyridine  (V)  is  obtained  in  poor  yield.  The  con¬ 
densation  of  (III)  is  smoother  with  sodioethylenimine. 

We  also  synthesized  the  bis(6 -chloroethyl)  amides  of  nicotinic  (VI)  and  isonicotinic  (VII)  acid  by  reacting 
the  chlorides  of  the  corresponding  acids  with  bis(0 -chloroethyl)amine.  These  compounds  were  obtained  by  us  prior 
to  the  appearance  in  p'int  of  the  communication  by  Drefahl  and  Konig  [3],  who  synthesized  the  hydrochlorides  of 
the  above  mentioned  amides  by  condensing  the  esters  of  nicotinic  and  isonicotinic  acid  with  diethanolamine  and 
subsequent  halogenation  of  the  hydroxyethyl  derivatives  by  means  of  thionyl  chloride  [2]. 
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C0N(CH2CH2C1)2 


/\cON(CH2CH2CI)2 


(VII) 


ClCH8CH8NHCOj^jCONHCHaCH2Cl 

CHal^jcHa 


N 

(VIII) 


The  condensation  of  the  diethyl  ester  of  2,6-dimethyldinicotinic  acid  with  ethanolamine  gave  the  di-6* 
hydroxyethylamide  of  2,6-dimethyldinicotinic  acid,  which  with  thionyl  chloride  was  converted  to  the  di-6-chloro- 
ethylamide  of  2,6-dimethyldinicotinic  acid  (VIII). 

EXPERIMENTA  L 

2.6- Dimethyl-3,5-dl(hydroxymethyl)pyridine  (II).  2,6-Dimethyl  3,5-dicarbethoxypyridine  was  reduced  with 
lithium  aluminum  hydride  by  the  method  proposed  by  Bohlmann  [3],  but  with  some  modifications:  the  mixture  of 
starting  ester  and  lithium  aluminum  hydride  after  being  heated  fo  2  hours  was  allowed  to  stand  to  the  next  day; 

a  small  amount  of  water  was  used  for  the  decomposition;  the  final  product  was  recrystallized  from  water.  2,6-Dl- 
methyl-3,5-di(hydroxymethyl)pyridine  with  m.p.  134-137*  was  obtained  in  797o  yield.  The  pure  product  melts 
at  141-142*,  which  agrees  with  the  literature, 

2.6- Dimethyl-3,5-di(chloromethyl)pyridine  (III).  To  6  ml  of  thionyl  chloride  at  0*  was  added  in  small 
portions  1.5  g  of  2,6-dimethyl- 3,5- di(hydroxymethyl)pyridine.  The  reaction  mixture  was  heated  at  the  boil  for 
1.5  hours.  The  excess  thionyl  chloride  was  vacuum-distilled;  its  traces  were  removed  by  adding  benzene  to  the 
residue  and  vacuum- distilling  the  solvent.  A  small  amount  of  water  was  added  to  the  residue,  and  the  aqueous 
solution  was  filtered.  The  filtrate  was  made  alkaline  with  soda,  the  resulting  white  precipitate  was  extracted  with 
ether,  and  the  ether  extract  was  washed  with  water.  Removal  of  the  solvent  by  distillation  gave  1.56  g  (86.2*70)  of 
crystalline  residue  with  m.p.  105-107*.  Recrystallization  from  petroleum  ether  gave  the  substance  as  elongated 
prisms  with  m.p.  107-108.5*.  2,6-Dimethyl-3,5-di(chloromethyl)pyridine  is  readily  soluble  in  most  organic  sol¬ 
vents. 


Found  %  C  52.92,  52,95;  H  5.49,  5.44;  N  6.93;  Cl  34.80.  CjHuNCli.  Calculated  %  C  52.96;  H  5.43; 

N  6.86;  Cl  34.74.  ‘ 

2.6- Dimethyl-3,5-di[bis(e  -chloroethyl)aminomethyl]pyridine  (IV).  To  a  solution  of  2  g  of  2,6-dimethyl- 
3,5-di(chloromethyl)pyridine  in  5  ml  of  benzene  was  added  a  benzene- chloroform  solution  of  bis(6“chlqroethyl)- 
amine,  prepared  from  8  g  of  bis(8-chloroethyl)amine  hydrochloride  [4],  and  2  drops  of  pyridine.  The  reaction 
mixture  was  boiled  on  the  water  for  60  hours,  and  the  resulting  precipitate  was  filtered  and  washed  with  benzene. 
After  recrystallization  from  an  acetone- alcohol  mixture  the  substance  melted  at  216-217*,  and  failed  to  depress 
the  melting  point  when  mixed  with  bis(6-chloroethyl)amine  hydrochloride.  The  benzene- chloroform  extract 
was  evaporated  in  vacuo.  The  oily  residue  was  repeatedly  extracted  with  boiling  petroleum  ether.  The  yield  of 
crystalline  substance  with  m.p.  93-100*  was  0.9  g  (22  ‘7<’)-  Recrystallization  from  diethyl  ether  gave  the  2,6-di- 
methyl-3,5-di[bis(6 -chloroethyl)aminomethyl]pyridine  as  colorless  rhombic  plates  with  m.p.  99-100*. 

Found  %:  C  49.03,  48.91;  H  6.58,  6.62;  Cl  34.0,  34.28.  CitHitN^C^  Calculated  %:  C  49.17;  H  6.55; 

Cl  34.15. 

2.6- Dimethyl-3.5-di(ethyleniminomethyl)pyridine  (V).  To  a  solution  of  5.1  ml  of  ethylenimine  in  35  ml 
of  absolute  ether,  contained  in  a  4- necked  flask,  was  added  with  stirring  3  g  of  powdered  sodium  amide.  The 
reaction  mixture  was  stirred  for  an  hour  at  room  temperature,  and  then  for  an  hour  at  26-30*.  To  the  reaction 
mixture,  cooled  to -10*,  with  vigorous  stirring  was  cautiously  added  an  ether  solution  of  4.75  g  of  2,6-dimethyl- 
3,5- di(chloromethyl) pyridine  (60  ml),  in  which  connection  the  temperature  was  maintained  at  — 5  to  — 7*.  After 
all  of  the  solution  had  been  added  the  reaction  mixture,  cooled  with  ice,  was  stirred  another  30  minutes,  and  then 
filtered.  The  precipitate  on  the  filter  was  washed  with  ether.  The  ether  filtrate  was  evaporated  in  vacuo  at  room 
temperature.  The  oil  residue  was  repeatediy  extracted  with  petroleum  ether.  Removal  of  the  solvent  gave  1.9  g 
(31*7)  of  crystalline  substance  with  m.p.  60-67*,  proving  to  be  free  of  halogen.  Further  purification  by  extraction 
with  petroleum  ether  and  subsequent  recrystallization  from  diethyl  ether  gave  the  substance,  extremely  volatile 
with  the  solvent  vapors,  as  colorless  needles  with  m.p.  71-72*. 
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Found  N  19.22,  18.96.  Calculated  N  19.33. 

Bis(|3-chloroethyl)amlde  of  Isonlcotinlc  Acid  (VII).  A  mixture  of  9.5  g  of  isonicotlnic  acid  and  20  ml  of 
thionyl  chloride  was  heated  to  dissolve  the  acid,  and  the  solution  was  boiled  for  20  minutes.  The  excess  thionyl 
chloride  was  vacuum-distilled.  To  the  obtained  isonictinoyl  chloride  hydrochloride  was  added  15  ml  of  dry 
benzene  and  the  obtained  suspension  was  treated  with  a  benzene- chloroform  solution  of  bls(B'Chloroethyl)amine, 
obtained  from  13  g  of  its  hydrochloride  [4]. 

The  reaction  mass  was  boiled  for  3  hours.  The  obtained  precipitate  of  bis(6  -chloroethyl)amine  hydro¬ 
chloride  (7.1  g)  was  filtered,  and  the  filtrate  was  evaporated  in  vacuo.  The  yield  of  substance  with  m.p.  91-94* 
was  4.2  g  (90%).  After  recrystallization  from  ethanol  the  substance  had  m.p.  95-97*. 

Found  C  48.55,  48.60;  H  5.08,  5.14;  N  11.68;  Cl  28.69.  CwHijONiCli.  Calculated  %;  C  48.60; 

H  4.93;  N  11.33;  Cl  28.69. 

Bisffi  -chloroethyl)amide  of  Nicotinic  Acid  (VI).  The  bis(6-chloroethyl)amide  of  nicotinic  acid  was 
obtained  in  a  similar  manner  from  5  g  of  nicotinic  acid.  The  yield  of  light- yellow  crystalline  substance  with 
m.p.  59-64*  was  5.9  g  (64‘7<J.  After  rectystallization  from  a  mixture  of  benzene  and  petroleum  ether  the  sub¬ 
stance  bad  m.p.  62-64*. 

Found  <7!:  N  11.61,  11.56.  CjoHijONjClj.  Calculated  %:  N  11.33. 

Di-6 -hydroxyethylamide  of  2,6-Dimethyldinicotinic  Acid.  A  mixture  of  20  g  of  2,6-dimethyl-3.5- 
dicarbethoxypyridine,  25  ml  of  ethanolamine  and  2-3  drops  of  pyridine  was  heated  for  3  hours  at  180*.  The 
obtained  precipitate  was  filtered  and  washed  on  the  filter  with  anhydrous  ethanol.  The  yield  of  colorless  crystal¬ 
line  product  with  m.p.  185-187*  was  19.3  g  (86%).  After  recrystallization  from  ethanol  the  substance  had  m.p. 
189-190*. 

Found  %:  C  55.44,  55.33;  H  6.72,  6.83.  CisHijO^Nj.  Calculated  %:  C  55.51;  H  6.80. 

Di-6 -chloroethylamide  of  2,6-Dimethyldinicotinic  Acid  (VIII).  To  a  suspension  of  10.5  g  di-6 -hydroxy¬ 
ethylamide  of  2,6-dimethyldinicotinic  acid  in  35  ml  of  chloroform,  cooled  to  0*,  was  added  with  stirring 
a  solution  of  6  ml  of  thionyl  chloride  in  20  ml  of  chloroform.  The  next  day  the  reaction  mixture  was  heated 
on  the  water  bath  for  2  hours.  The  precipitate  was  filtered  and  washed  with  chloroform,  benzene  and  ether. 

The  yield  of  substance  with  m.p.  220-224*  was  14.2  g.  Recrystallization  from  ethanol  gave  11.3  g  (85%)  of 
di-6 -chloroethylamide  of  2,6-dimethyldinicotinic  acid  with  m.p.  227-229*. 

Found  <7,:  N  11.89,  11.89;  Cl  30.18,  30.17.  CijHiPjNiCl,.  Calculated  %:  N  11.85;  Cl  29.99. 

The  base,  obtained  from  the  above  described  salt  and  recrystallized  from  ethanol  and  from  acetone,  melted 
at  178-179*. 

Found  <7:  C  49.32;  H  5.51,  5.50;  N  13.27,  13.40.  CuHiiOiNjClj.  Calculated  %:  C  49.07;  H  5.38; 

N  13.23. 


SUMMARY 

The  preparation  of  2,6-dimethyl-3,5-di[bis(6*chloroethyl)-aminomethyl]pyridine  and  2,6-dimethyl- 3,5- 
di(ethyleniminomethyl)-pyridine,  and  also  of  some  6~chloroethyl  derivatives  of  the  amides  of  nicotinic,  iso- 
nicotinic  and  2,6-dimethyldinicotinic  acid,  was  described. 
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REACTION  OF  A  C  Y  LS  U  LF  A  NI L  Y  L  CHLORIDES  WITH  2  -  A  MI  N  OT  H I A  Z  O  LE 


I.  REACTION  OF  DI-(CARBOMETHOXYSULFANILYL)-AMINOTHIAZOLE 
WITH  2-AMINOTHIAZOLE 

B.  G.  Yasnitsky  and  E.  B.  Dolberg 


Based  on  a  comparison  of  some  literature  data  [1]  it  follows  that  the  main  reactions  in  the  acylation  of 
2-aminothlazole  with  acylsulfanilyl  chlorides  can  be  depicted  by  the  scheme. 
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where  Ac  is  either  the  acetyl  or  formyl  radical,  or  carbonic  acid  esters. 

The  end  reaction  product  is  usually  a  mixture  of  the  acylsulfanilylaminothiazole  (in  the  future  the  monoacyl 
derivative)  and  di-(acylsulfanilyl)-aminothiazole  (in  the  future  the  diacyl  derivative).  The  liberated  hydrogen 
chloride  is  bound  either  with  excess  2-aminothiazole  or  with  some  other  specially  introduced  base. 

Our  problem  was  to  study  the  influence  of  certain  factors  on  the  yield  and  ratio  of  the  mono-  and  diacyl 
derivatives  formed  in  the  reaction  between  carbomethoxysulfanilyl  chloride  and  2-aminothiazole. 

1  To  judge  the  relative  reaction  rates  of  reactions  (1),  (2)  and  (3)  we  first  studied  the  kinetics  of  the  reaction 

for  converting  the  diacyl  derivative  into  the  monoacyl  derivative  (reaction  3),  a  discussion  of  which  is  the  subject 


! 
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of  the  present  communication.  The  reaction  was  run  in  a  medium  of  dry  inert  organic  solvents  in  accord  with 
the  method  that  we  had  proposed  earlier  [2]. 

EXPERIMENTAL 

The  starting  2-aminothiazole  had  m.p.  89-90’.  Its  purity  by  acidometric  analysis  was  99.5-100.0<yo. 
Di-(carbomethoxysulfanilyl)-aminothiazole  was  obtained  by  reacting  carbomethoxysulfanilyl  chloride  with  a 
water  solution  of  the  aminothiazole  hydrochloride.  The  reaction  product  was  separated  from  carboniethoxysul- 
fanilylamlnothlazole  and  sulfanilic  acid  by  treatment  with  2%  sodium  hydroxide  solution.  The  gray-yellow 
powder  with  m.p.  188’,  after  recrystallization  from  alcohol,  melts  at  196-19T  with  charring.  The  organic 
solvents  that  we  used  were  dried  over  fused  sodium  sulfate  and  distilled  in  the  limits  of  1-2". 

The  method  of  running  the  experiments  is  typified  by  the  example:  to  WO  ml  of  chlorobenzene,  heated 
to  120*,  was  added  3.0  g  of  2- aminothiazole  and  15.78  g  of  the  diacyl  derivative:  the  heating  was  for  1  hour 
under  reflux  with  mechanical  stirring  at  130*.  The  cooled  reaction  product  was  separated  from  the  chloro¬ 
benzene,  washed  with  100  ml  of  2%  hydrochloric  acid,  heated  to  50*,  and  then  with  water  until  all  of  the  amino¬ 
thiazole  had  been  removed.  The  dry  precipitate  weighed  14.5  g.  Alkalimetric  titration  of  the  mother  liquors 
and  wash  waters,  using  methyl  orange  and  phenolphthalein  as  indicators,  established  the  presence  of  2.01  g 
of  the  aminothiazole  (67% of  the  amount  taken  for  reaction).  Five  grams  of  the  obtained  precipitate  was  treated 
with  a  2%  sodium  hydroxide  solution.  The  residue  was  3.60  g  or  66.2%  of  the  Introduced  dl-fcarbomethoxysul- 
fanilyl)- aminothiazole  with  m.p.  190.0*.  Its  hydrolysis  gave  an  87.0%  yield  of  sulfanilamidothiazole.  Neutral¬ 
ization  of  the  filtrate  gave  1.25  g  (19.3'7(^  of  carbomethoxysulfanilylaminothiazole  with  m.p.  236.5*,  the  hydro¬ 
lysis  of  which  with  9%  sodium  hydroxide  at  the  boil  for  1  hour  gave  sulfanilamidothiazole  in  87.9%  yield. 

The  results  of  a  series  of  experiments,  run  the  same  as  described  but  at  different  temperatures  and  for 
various  periods  of  time,  are  shown  in  Figs.  1-3,-  The  curves  shown  in  Fig.  1  testify  to  the  considerable  increase 
in  the  rate  of  the  studied  reaction  at  temperatures  above  80*.  A  comparison  of  curves  1  and  2,  and  also  of  3 
and  4,  in  Fig.  2  reveals  that  the  amount  of  monoacyl  derivative, formed  per  unit  of  time;  lags  considerably  be¬ 
hind  the  amount  of  diacyl  derivative  showing  reaction.  This  is  evidence  that  secondary  processes  are  present, 
leading  to  a  loss  of  products,  the  character  of  which  we  have  not  as  yet  established.  The  postulation  that  the 
loss  of  acyl  derivatives  is  due  to  cleavage  of  carbomethoxy  groups  was  not  supported  when  checked. 

Fig.  3  is  presented  to  permit  arriving  at  a  decision  as  to  the  most  rational  conditions  for  converting  the 
diacyl  derivative  into  the  monoacyl  compound  with  the  object  in  mind  of  increasing  the  yield  of  sulfanilamido¬ 
thiazole.  Taking  into  consideration  the  fact  that  the  hydrolysis  of  either  one  mole  of  the  diacyl  derivative  or 
one  mole  of  the  monoacyl  derivative  theoretically  gives  1  mole  of  sulfanilamidothiazole,  and  also  bearing  in 
mind  the  fact  that  the  hydrolysis  yield  for  both  of  the  derivatives  is  practically  the  same  (see  description  of 
the  experiment),  it  can  be  concluded  that  curves  3  and  6  reflect  the  change  in  the  sulfanilamidothiazole  yield 
in  percent  of  that  obtained  from  the  pure  diacyl  derivative.  From  the  curves  it  can  be  seen  that  an  essential 
increase  in  the  sulfanilamidothiazole  yield  cannot  be  expected  by  running  reaction  (3)  at  100*,  at  least  not  in 
the  first  5  hours.  On  the  contrary,  at  the  start  of  the  process  even  some  decrease  in  yield  is  observed  due  to 
the  progress  of  secondary  reactions.  An  increase  in  yield  can  be  observed  at  130*,  where  its  maximum  is  achifeved 
after  approximately  3  hours,  when  only  about  60%  of  the  Introduced  diacyl  derivative  had  been  consumed  for 
reaction  (curve  5).  Further  running  of  the  process  leads  to  a  decrease  in  the  total  molar  amounts  of  acyl  der¬ 
ivatives,  and  consequently,  of  sulfanilamidothiazole. 

As  can  be  seen  from  Fig.  3,  the  maximum  increase  in  yield  is  far  from  theory  for  the  complete  con¬ 
version  of  the  diacyl  derivative  into  the  monoacyl  compound  (200%)  and  represents  only  135% of  this  amount, 
which  can  also  be  obtained  directly  from  the  diacyl  derivative. 

The  experimental  points,  reflecting  the  sulfanilamidothiazole  yield  as  a  result  of  hydrolyzing  mixtures 
of  the  acyl  derivatives  (obtained  at  130*  for  various  periods  of  time),  referred  to  the  amount  of  sulfanilamido'- 
thiazole  (obtained  directly  from  the  diacyl  derivative),  fall  quite  well  on  curve  6,  which  was  constructed  as 
the  graphical  sum  of  curves  4  and  5.  Considerable  tarring  of  the  introduced  2-aminothiazole  is  observed  when 
reaction  (3)  is  run  above  130*. 

From  the  experimental  data  we  calculated  the  rate  constants  for  the  formation  of  the  monoacyl  derivative 
(reaction  3),  using  the  formula  for  second  order  reaction;  their  average  values  proved  to  be:  at  100*- 


Fig.  1.  Dependence  of  the  yield  (in  ‘7f)  of  carbometh- 
oxysulfanilylaminothiazole  (1)  and  composition  of  the 
product  (in  niole^)  of  the  monoacyl  derivative  (2)  on 
the  temperature  of  the  process,  run  for  2  hours. 


Fig.  3.  Relationship  between  the  sulfanilamido- 
thiazole  yield  and  the  reaction  time  of  di(carbo- 
methoxysulfanilyl)-aminothiazole  with  2-amino- 
thiazole. 

1)  and  4)  amount  of  forrped  monoacyl  derivative, 

2)  and  5)  amount  of  remaining  diacyl  derivative, 

3)  and  6)  total  molar  amounts  of  acyl  deriva¬ 
tives.  [  1,2  and  3)  at  100*,  4,5,  and  6)  at  130T.. 
Along  the  ordinate  are  plotted  in  percent  the 
number  of  moles  relative  to  the  original  number 
of  moles  of  the  diacyl  derivative,  the  latter  taken 
as  lOO'yo. 


% 


Fig.  2.  Kinetics  of  the  reaction  of  di-(carbo- 
methoxysulfanilyl)-aminothiazole  with  2-amino- 
thiazole  in  chlorobenzene. 

1)  and  3)  yield  of  monoacyl  derivative  (in  °]oi, 

2)  and  4)  consumption  of  diacyl  derivative  in  per¬ 
cent  of  initial  amount  [l  and  2)  at  100*,  3  and  4) 
at  130*]. 

(1.32  ±  25'7o)  •  10'^  mol”^  minute”^  and  for  130*- 
(4.41  ±  21%)  •  10’®  mol’^  minute’ ^  the  relatively 
large  variations  are  explained  by  the  presence 
of  secondary  reactions  and  the  inadequate  accuracy 
of  the  analytical  methods.  Nevertheless,  since 
the  extreme  values  did  not  deviate  from  the  average 
by  more  than  25%,  whereas  the  average  values  for 
^  100  and  130*  differ  by  a  factor  of  3.34,  we  con¬ 
sidered  the  average  values  of  the  constants  as 
approximate,  and  on  this  basis  calculated  the  ap¬ 
proximate  value  of  the  energy  of  activation  for 
the  studied  process,  which  equaled  12,000  cal. 

SUMMARY 

1 .  In  its  role  as  a  main  reaction  taking 
place  in  the  acylation  of  2-aminothiazole  with 
carbomethoxysulfanilyl  chloride  in  chlorobenzene, 
the  kinetics  of  the  reaction  of  di-(carbomethoxy- 
sulfanilyl)-aminothiazole  with  2-aminothiazole 
was  studied. 


2.  Due  to  secondary  processes  it  was  established  that  here  the  yield  of  carbomethoxysulfanilylaminothiazole 
is  considerably  below  the  theoretical. 

3.  The  relationship  between  the  change  in  the  sulfanilamidothiazole  yield  and  the  length  of  running  the 
studied  process  at  100  and  130*  was  found  from  an  analysis  of  the  kinetics  curves. 

4.  The  approximate  values  of  the  rate  constants  for  the  formation  of  carbomethoxysulfanilylaminothiazole 
from  di-fcarbomethoxysulfanilyl)-aminothiazole  at  100  and  130*  were  calculated,  as  was  also  the  energy  of  act¬ 
ivation  for  the  process. 
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CHEMISTRY  OF  HETEROCYCLES 


XXV.  SYNTHESIS  OF  9- PHENYLACRIDINE  FROM  ACYL  DERIVATIVES  OF 
2-AMINOTRIPHENYLCARBINOL 

P.  A.  Petyunin,  N.  G.  Panferova  and  M.  E.  Konshin 


In  a  previous  communication  [1]  we  described  a  preparative  method  for  obtaining  9-phenylacridine  based 
on  2-aminotriphenylcarbinol.  In  the  present  study  our  problem  was  to  synthesize  9-phenylacridine  (I)  from  the 
acyl  derivatives  of  2-aminotriphenylcarbinol.  The  experiments  were  run  in  nitrobenzene  medium,  and  the  highest 
yield  (I)  (71*70)  was  obtained  from  N- acetyl- 2- aminotrifrfienylcarbinol  (II).  As  applied  to  the  latter  the  reaction 
mechanism  can  be  depicted  as  follows. 

The  reaction  goes  through  the  dissociation  stage  (II)  and  the  acridine  cycle  suffers  closure  into  the  ionic 
complex  (III). 


♦  Hj*  CHjCOOM 


In  contrast  to  (II)  the  transformation  of  N- benzoyl- 2-aminotriphenylcarbinol  (IV)  proceeds  by  a  more  com¬ 
plicated  scheme.  Among  the  reaction  products,  other  than  (I)  (yield  38.7%)  and  benzoic  acid,  the  formation  of 
water  was  shown  and  a  substance  with  m.p.  220-221.5*  (yield  58.1%)  was  isolated.  Proceeding  from  the  fact  that 
water  is  liberated  during  reaction  the  substance  with  m.p.  220-221.5*  can  be  assigned  the  structure  of  N-benzoyl- 
2-aminotriphenylmethane  (V)  or  1,1 ,3- triphenyl-2,4,1 -benzoxazine  (VI): 


^\^^CH(C0H5)2 

'^^NHCOCgHs 

(V) 


H. 


-H,0 


/ 


C(OH)  (C,H5)2 


— H.O 


\/\ 

(IV) 


NHCOCeHs 


jCtHsCOCl 

y’CH{CfiHs)2 


\/\r 

N 

(VI) 


C(C6H6)2 

C-C-Hs 


j(CH,C0),0 

(TV) 


\^NH2 

(VII) 
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The  formation  of  (V)  can  be  assumed  if  it  is  considered  that  hydrogen  is  evolved  in  the  transformation  of 
(IV)  into  9-phenylacridine. 

Based  on  the  analysis  data  it  is  very  difficult  to  give  preference  to  one  cf  these  structures.  We  decided 
to  prove  the  structure  of  the  substance  with  m.p.  220.221.5*  by  counter  synthesis.  Thus,  the  benzoylation  of 
2-aminotriphenylmethane  (VII)  gave  (V),  which  proved  to  be  different  in  its  properties  from  our  studied  sub¬ 
stance.  Also  in  disfavor  of  (V)  is  the  fact  that  the  substance  with  m.p.  220-221.5*  fails  to  liberate  methane 
when  treated  with  methylmagnesium  iodide. 

The  conclusion  that  the  substance  with  m.p.  220-221-5*  shows  structure  (VI)  was  made  on  the  basis  of 
comparing  it  with  the  authentic  specimen.  The  latter  was  obtained  by  treating  (IV)  with  acetic  anhydride  in 
the  presence  of  anhydrous  sodium  acetate.  As  a  result,  it  was  established  that  the  heating  of  (IV)  in  nitrobenzene 
medium  yields  two  compounds,  in  which  connection  the  main  reaction  product  is  the  benzoxazine  derivative 
(VI). 


EXPERIMENTAL 

N- Benzoyl- 2- aminotriphenylcarbinol  (IV).  To  a  solution  of  5  g  of  2-aminotriphenylcarbinol  in  15  ml 
of  dry  pyridine  was  added  2.8  g  (10*70  excess)  of  benzoyl  chloride.  After  heating  for  an  hour  on  the  water  bath 
the  flask  contents  were  poured  into  100  rnl  of  water,  and  the  reaction  product  was  isolated  in  the  usual  manner. 
Yield  4  g  (57.2*7) •  Fine  crystalline  powder  (from  glacial  acetic  acid)  with  m.p.  211-213*. 

Found  =7:  N  3.79,  3.64.  CigHjiDiN.  Calculated  *7:  N  3.69. 

9-Fhenylacridine  (I).  A  solution  of  1  g  of  (II)  in  1  ml  of  nitrobenzene  was  boiled  on  a  sand  bath  for  30 
minutes.  After  cooling,  15  ml  of  dilute  hydrochloric  acid  was  added  and  the  nitrobenzene  was  steam-distilled. 
The  acridine  base  was  isolated  from  the  hydrochloric  acid  solution  by  the  addition  of  ammonia.  Yield  0.62  g. 
Needles  (from  alcohol)  with  m.p.  184-186*;  picrate,  m.p.  227-229*. 

Literature:  b.p.  184*  [2];  picrate  b.p.  227.7*  [3]. 

Transformation  of  N- Benzoyl- 2- aminotriphenylcarbinol  (IV).  The  reaction  was  run  with  2  g  of  (IV)  and 
under  conditions  analogous  to  those  of  the  preceding  experiment.  On  conclusion  of  reaction  30  ml  of  dilute 
hydrochloric  acid  was  added,  and  the  nitrobenzene  was  removed  by  steam-distillation.  The  residue  in  the  dis¬ 
tillation  flask  was  filtered,  washed  with  water,  and  air-dried.  We  obtained  1.1  g  of  (VI).  The  substance  crystal¬ 
lizes  as  prisms  (from  glacial  acetic  acid)  with  m.p.  220-221.5*.  The  acridine  base  was  isolated  from  the  hydro¬ 
chloric  acid  filtrate.  Yield  of  (I)  was  0.52  g.  Benzoic  acid  was  isolated  and  identified  in  known  manner  from 
the  distillate  obtained  in  treating  the  reaction  mass  with  water. 

1,1 ,3-Triphenyl- 2, 4,1- benzoxazine  (VI).  A  mixture  of  7  g  of  (IV)  and  7  g  of  anhydrous  sodium  acetate 
in  30  ml  of  acetic  anhydride  was  heated  for  1  hour  on  a  sand  bath.  The  cooled  flask  contents  were  poured  into 
100  ml  of  water,  and  the  resulting  oil  quickly  crystallized.  Yield  6.6  g  (99.09*7o).  Ptisms  (from  glacial  acetic 
acid)  with  m.p.  220-221.5*.  Its  mixed  melting  point  with  the  substance  (m.p.  220-221.5*)  obtained  in  the 
preced.ng  experiment  Was  net  depressed*.  ' . 

Found  *7':  C  86.39,  86.29;  H  5.3,  5.31;  N  4.01,  3.85.  C^HijON.  Calculated  *7o:  C  86.33;  H  5.23;  N  3.87. 

Picrate  (VI)  was  obtained  by  mixing  the  benzene  solutions.  M.p.  206.5*. 

NrBenzoyl- 2-aminotriphenylmethane  (V).  2-Aminotriphenylmethane  (VII)  was  obtained  by  the  method 
of  [4],  and  melted  at  128-130*.  It  was  benzoylated  with  benzoyl  chloride  in  dry  pyridine  scliition.  From  4.07  g 
of  2-aminotriphenylcarbinol  we  obtained  5.55  g  (97.19*7i)  of  (V).  Needles  (from  alcohol)  with  m.p.  141.-149.5*. 

Found  *7:  N  3.96,  3.94.  C^HjiGN.  Calculated  *7:  N  3.85. 

SUMMARY 

1.  A  method  for  obtaining  9-phenylacridine  on  the  basis  of  N-acyl  derivatives  of  2-aminotriphenyl¬ 
carbinol  was  developed  and  a  mechanism  for  this  reaction  was  discussed. 

2.  It  was  established  that  the  heating  of  N- benzoyl- 2- aminotriJ)henylcarbinol  in  nitrobenzene  medium 


gives,  besides  the  9-phenylacridine,  1,1 ,3- triphenyl- 2,4, 1-benzoxazinc  as  the  main  reaction  product. 

3,  The  new  N-benzoyl-2-aminotriphenylcarbinol,  l,l,3-triphenyl-2,4,l-benzoxaZini'  and  N-benzoyl 
2-aminotriphenylmethane  were  prepared  and  described. 
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THE  STRUCTURE  OF  THIAZOLE  DISULFAMIDES 


I.  Ya.  Rostovsky  and  V.  V.  Kushkin* 


As  is  known,  sulfanilamide  compounds  of  pyridine,  pyrimidine  and  thiazole  are  obtained  by  reacting  the 
o- amino  derivative  of  the  corresponding  heterocycle  with  the  p-acylaminobenzenesulfonyl  chloride.  If  the  re¬ 
action  is  run  in  aqueous- alkaline  medium  [1]  or  in  pyridine  in  the  cold  [2],  then  the  diacylsulfanilamide  com¬ 
pound  ("disulfamide")  is  formed.  An  acylsulfanilyl  radical  of  disulfamide  is  easily  cleaved  when  the  latter  is 
heated  in  alkaline  medium,  and  here  the  other  radical 'showsonly  deacylation  and  remains  on  the  nitrogen  of  the 
amino  group  in  the  2  position  of  the  heterocycle.  The  position  of  this  sulfanilyl  radical,  e.g,  in  sulfanilamido- 
pyridine,  is  shown  by  synthesis  from  2-bromq)yridine  and  the  sulfanilamide  Na  salt  [3]. 

Two  different  structures  (I  and  II)  can  be  assumed  for  disulfamides,  corresponding  to  the  two  tautomeric 
forms  of  the  a-amino-N-heterocycle  (la,  Ila)  (Scheme  1). 
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Disulfamides  are  usually  assumed  to  have  structure  (II)  [1, 2,4,5, 6],  but  at  times  structure  (I)  is  also  presented 

[7] .  For  example,  structure  (I)  has  been  shown  for  the  disulfamide  obtained  from  4- amino-2, 6-dimethylpyrimidine 

[8] .  The  possibility  of  a  disulfamide  migrating  from  one  structure  to  the  other  is  also  admissible.  Thus  Deliwala 
and  coworkers  [9]  on  reacting  acetylsulfanilyl  chloride  with  2-aminothiazole  in  pyridine  obtained  a  disulfamide 
with  m.p.  127-129*,  to  which  they  assign  structure  (I);  when  heated  in  alcohol  solution  the  substance  migrates  into 
a  stable  compound  with  m.p.  190-225*,  for  which  structure  (II)  is  given.  Here  attention  is  drawn  to  the  extremely 
wide  melting  range  shown  by  the  stable  form  of  the  disulfamide.  •  •  Apparently,  the  reason  for  this  lies  either 

in  the  heterogeneity  of  the  substance  or  in  the  transformations  that  occur  during  heating  when  the  melting  point 
is  being  determined.  A  similar  spread  in  the  melting  point  of  the  same  substance,  at  times  exceeding  50*,  is 
mentioned  by  various  authors  [10].  Angyal  [11]  was  able  to  obtain  certain  disulfamides  in  two  forms  with  differ¬ 
ent  melting  points,  in  which  connection  he  assumes  structure  (II)  for  disulfamides  and  explains  the  presence  of 
two  forms  as  due  to  geometric  isomerism  at  the  C=N  bond. 

The  presented  data  serve  as  evidence  that  the  question  as  to  the  structure  of  disulfamides  cannot  be  con¬ 
sidered  solved.  In  addition  it  is  of  undoubted  interest  for  the  manufacture  of  sulfanilamide  compounds,  as  well 
as  for  the  important  theoretical  question  of  the  tautomerism  shown  by  2- amino- N- heterocycles,  a  subject 
that  has  frequently  been  touched  upon  by  both  Soviet  [12-16]  and  foreign  authors  [17,18].  In  this  communication 
we  examine  the  structure  of  certain  thiazole  disulfamides,  since  they  proved  to  be  the  most  frequent  discussion 
topic. 

•  From  the  Candidate *s  Dissertation  of  V.  V.  Kushkin  "On  the  Tautomerism  of  2-Aminothiazole  and  Some  of  Its 
Derivatives"  (Sverdlovsk,  1954). 

•  •  Other  authors  [4,6,7]  also  give  a  melting  point  range  of  20-50*  for  this  compound. 


IMI 

INI 
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We  obtained  the  disulfainides  by  introducing  various  sulfaryl  Radicals  (A  jB)  in  the  2-atninothiazole  molecule 
and  compared  their  properties.  Successive  introduction  of  various  sulfaryl  radicals  should  have  led  to  different  com¬ 
pounds,  depending  on  whether  the  disulfamide  Iiad  structure  (1)  or  (II).  If  two  different  sulfaryl  radicals,  A  and  B,  re¬ 
place  both  hydrogens  in  the  amino  group  of  2-amlnothiazole,  then  independent  of  the  order  in  which  the  radicals  are 
introduced  a  disulfamide  with  the  same  thiazole  structirre  (III)  is  obtained  (Scheme  2). 


II  II 

'^NH, 

1  B 


Scheme  2 

II - N  B  ,5 - N 

II  II  H  II  II  A 
(iiirB 
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If  the  sulfaryl  radicals  (A,B)becomc  attached  to  different  nitrogen  atoms,  then  depending  on  the  order  of 
their  introduction,  a  disulfamide  with  two  different  thiazole  structures  (I V^>and  ( IV^)  is  obtained  (Scheme  3). 


—r® 

(IVa) 


I-;-* 

(ivk) 


The  reaction  of  2-aminothiazole  with  p-chlorobenzenesulfonyl  chloride  and  subsequent  reaction  of  the 
obtained  2-(p-chlorobenzenesulfamido)thiazole  with  acetylsulfanilyl  chloride  gave  a  disulfamide,  which  after  a 
number  of  recrystallizations  from  alcohol  showed  constant  m.p.  164-166*  (compound  "a").  The  other  disulfamide 
was  obtained  with  a  different  order  of  introducing  radicals:  2-aminothiazole  was  successively  condensed  first  with 
acetylsulfanilyl  chloride,  and  then  with  p-chlorobenzenesulfonyl  chloride.  Here  a  disulfamide  with  constant 
melting  point  (162-164*)  was  obtained  (compound  "b").  The  mixture  of  the  two  products  melted  at  158-160*.  As 
can  be  seen  from  these  data,  the  melting  points  of  the  two  disulfamides  are  very  close,  and  the  melting  point  depres 
Sion  of  their  mixture  is  small;  consequently,  on  the  basis  of  the  melting  point  determinations  it  is  difficult  to  say 
with  assurance  whether  the  obtained  products  are  the  same  or  different,  and  for  the  same  reason  whether  their 
structure  is  the  same  or  different. 

In  connection  with  this  we  synthesized  another  pair  of  disulfamides,  already  mentioned  in  the  literature. 

By  reacting  2-(benzenesulfonamido)thiazole  with  acetylsulfanilyl  chloride  in  acetone  medium  in  the  presence  of 
potassium  bicarbonate  Ohta  [5]  obtained  a  disulfamide  with  m.p.  162-163*,  and  by  reacting2-(acetylsulfanilamido) 
thiazole  with  benzenesulfonyl  chloride, a  substance  with  168-170*.  When  these  reactions  were  run  in  pyridine  in 
the  cold  we  obtained  products  with  different  melting  points.  The  first  disulfamide  melted  constant  at  143-145* 
(compound  "c"),  the  second  at  156-158*  (compound  "d"),  while  the  mixture  melted  at  136-138*.  As  can  be  seen, 
the  melting  points  of  this  pair  of  compounds  show  a  greater  difference  than  do  the  pair  of  the  preceding  case,  and 
here  the  melting  point  depression  of  the  mixture  is  considerable.  This  suggests  structure  (II)  for  the  obtained  disul¬ 
famides.  However,  here  also  the  difference  in  the  melting  points  from  those  given  in  the  literature  did  not  permit 
making  a  decisive  conclusion  as  to  the  structure  of  disulfamides. 

To  solve  the  problem  of  the  structure  of  the  isolated  disulfamides  we  made  use  of  the  ammonolysis  method, 
which  was  first  described  for  disulfamides  by  V.  1.  Khmelevsky  and  coworkers  [19].  The  ammonolysis  of  a  diacyl- 
sulfanilamidothiazole  gives  two  readily  separated  products- the  soda-soluble  2-(p-acylsulfanilamido)thiazole 
("acylsulfothiazole")  and  the  soda- insoluble  p-acylsulfanilamide. 

If  in  a  disulfamide  two  sulfaryl  radicals  are  alike  (in  each  a  Y  group  may  be  found  in  the  para  position) 
(Scheme  4),  then  in  the  ammonolysis  of  both  disulfamide  with  structure  (V)  and  disulfamide  with  structure  (VI) 
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the  same  products  are  obtained,  and  to  judge  the  dlsulfamide  structure  on  the  basis  of  the  ammonolysis  results 
will  be  impossible. 


(VI) 


If,  as  in  our  case,  the  radicals  are  different  (in  one,  a  Y  group  is  found  in  the  para  position,  and  in  the  other 
a  Z  group)  (Schemes  5  and  6),  then,  depending  on  whether  the  disulfamides  are  constructed  on  the  type  of  (I) 
(Scheme  5)  or  on  the  type  of  (II)  (Scheme  6),  different  ammonolysis  products  are  obtained. 
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(VIII)  Y  =  Cl;  Z  =  NHCOCHj. 

(IX)  Y  =  NHCOCH,;  Z  =  Cl. 

(X)  Y  =  H:  Z  =  NHCOCH,. 

(XI)  Y  =  NHCOCH3:  Z  =  H. 


The  ammonolysis  of  the  above  discussed  dlsulfamide  "a"  (m.p.  164-166*)  gave  two  sulfamides,  different 
from  the  two  sulfamides  obtained  from  compound  "b"  (m.p.  162-164*).  In  complete  accord  with  Scheme  6,  two 
different  pairs  of  sulfamides  were  also  obtained  from  compounds  "c"  and  "d".  Judging  from  the  melting  points 
and  properties  of  the  obtained  ammoiKilysis  products  (see”Experimental*)theremaining radical  linked  with  the 
thiazole  ring  is  the  one  that  was  introduced  first;  from  this, structure  (VIII)  ensues  for  compound  "a",  structure  (IX) 
for  compound  "b",  and  correspondingly,  (X)  for  "c"  and  (XI)  for  "d". 

As  a  result,  on  the  basis  of  studying  the  ammonolysis  products  it  can  be  concluded  that  the  disulfamides 
isolated  from  the  reaction  medium  have  the  thiazoline  structure  (II),  and  not  the  thiazole  structure  (I).  This  con¬ 
clusion  is  operative  only  if  during  the  ammonolysis  process  itself  there  is  not  any  previous  rearrangement  of  (!)■♦“  (II) 
during  heating  in  an  ammoniacal  medium.  In  order  to  pin^owit  this  problem  it  was  necessary  to  examine  the 
structure  of  the  obtained  substances  by  other  than  chemical  reaction.  For  this  we  studied  the  absorption  spectra 
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of  the  disulfamides  In  the  ultraviolet.  If,  outside  of  reaction,  compounds  "a"  and  "b"  were  Identical,  l.e.,  they  * 

botli  had  a  type  (I)  structure,  then  their  absorption  spectra  should  coincide.  Actually,  the  absorption  spectra  of 
these  compounds,  and  also  of  compounds  "c"  and  "d",  proved  to  be  quite  different  (see  Figure),  i.e.,  also  outside 
of  reaction  these  disulfamides  are  isomers  (VIII,  IX  and  X,  XI).  Of  interest  is  the  fact  that  the  position  of  the 
acetylsulfanilyl  radical  shows  characteristic  absorption  spectra.  If  it  is  found  on  a  ring  nitrogen,  then  only  one 
maximum  a ppears, and  if  the  sanie  radical  is  found  on  the  nitrogen  of  an  amino  group,  then  the  spectrum  shows 
three  maxima. 

Although  we  have  shown  in  the  present  study 
that  without  doubt  the  four  obtained  disulfamides  have 
the  thiazoline  structure  (II),  still  we  consider  it  pre¬ 
mature  to  make  a  generalization  from  these  data  rel¬ 
ative  to  the  structure  of  disulfamides.  For  example, 
there  still  remains  unanswered  the  question  as  to  the 
reasons  for  the  formation  of  disulfamide  compounds 
with  two  different  or  extremely  extended  melting  points. 

Whether  this  is  due  to  cis,  trans  isomerism  at  the 

N  bond  [11],  crystallographic  dimorphism,  character¬ 
istic  of  some  sulfamides  [20],  or  finally,  transitions  of 
form  (I)  (II),  and  at  times  of  (II)  ->•  (I),  it  should 

be  the  subject  of  further  studies. 

EXPERIMENTAL 


1)  2-(p-Chlorobenzenesulfamido)thiazole.  To  a 
solution  of  6  g  of  2-aminothiazole  (m.p.  88*)  in  18  ml 
of  pyridine  at  about  25*  was  added  12.6  g  of  p-chloro- 
benzenesulfonyl  chloride.  The  mixture  was  heated  for 
3  hours  at  60-70*,  then  for  2  hours  at  90-95*,  cooled, 
and  diluted  with  50  ml  of  water.  The  resulting  light- 
yellow  precipitate  was  filtered,  washed  with  water,  and 
dried.  Yield  12.5  g  (76.9  <70).  Dissolving  in  warm  alkali 
and  subsequent  cooling  gave  the  crystalline  Na  salt,  which  was  recrystallized  3  times  from  water.  Treatment  of 
the  water  solution  of  the  salt  with  hydrochloric  acid  gave  the  sulfamide  as  colorless  prisms.  Yield  8  g  (48.7%). 

From  alcohol  the  compound  crystallizes  as  large  colorless  elongated  prisms  with  m.p.  198-199*. 

Found  %:  N  9.77.  C9H7O2N2CIS1.  Caleulated  %:  N  10.02. 

2)  2-(p-Chlorobenzenesulfonimido)-3-(acetylsulfanilyl)- 4- thiazoline  (VIII).  To  a  solution  of  5.5  g  of  2- 
(p-chlorobenzenesulfamido)thiazole  in  15  ml  of  pyridine  was  gradually  added  at  20-25*  4.7  g  of  freshly  recrystal- 
llzed  (from  dichloroethane)  acetylsulfanilyl  chloride.  After  standing  for  8  hours  the  thick  light- yellow  reaction 
mass  was  diluted  with  70  ml  of  water,  and  the  resulting  precipitate  was  filtered.  Yield  7.7  g  (74.2%),  m.p.  160-162*. 
Recrystallizations  from  alcohol  gave  coarse  prisms  with  constant  m.p.  164-166*.  The  substance  is  insoluble  in 
dilute  acids  and  alkalies,  difficultly  soluble  in  alcohol,  and  less  difficultly  soluble  in  pyridine  and  acetone. 

Found  %:  N  9.07;  S  20.24;  Cl  7.67.  C17H14O5NJCIS3.  Calculated  %:  N  8.90;  S  20.38;  Cl  7.51. 

3)  2- Acetylsulfanilylimido-3-(p-chlorobenzenesulfonyl)- 4- thiazoline  (IX).  To  a  suspension  of  8.9  g  of  the 
acetylsulfothiazole  in  20  ml  of  pyridine  was  added  4.2  g  of  p-chlorobenzenesulfonyl  chloride,  and  the  reaction 
mixture  was  let  stand  3  hours  at  room  temperature.  Then  the  mixture  was  poured  into  dilute  NaOH  solution.  The 
resulting  precipitate  was  filtered  and  washed  with  water  until  the  filtrate  was  colorless.  Yield  7.0  g  (74%).  Re¬ 
crystallizations  from  alcohol  gave  slender  colorless  needles  with  constant  m.p.  162-164*.  Its  mixed  melting  point 
with  product  (VII)  was  158-160*. 

Found  %:  N  9.25;  S  20.41;  Cl  7.63.  Ci7Hi505N/:iS3.  Calculated  %;  N  8.90;  S  20.48;  Cl  7.51. 

4)  2-(Benzenesulfonimido)-3-(acetylsulfanilyl-4-thiazoline  (X).  The  product  was  obtained  by  the  above 


Absorption  spectra  in  dioxane  solution  (concentration 
5  •  10'\l)  of  the  compounds;  (VIII)  X^ax  “  ^  Mi 

(IX)  Xj^3j^  =  300,  261,  239  mp;  (X)Xn,ax  =  277  mp; 
(XI)  =  296,  261,  227  mp. 
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method  from  2-(lL)enzeiicsulf(  iiamid.  )thiaz'  le  (3.7  and  acetylsulfauilyl  chi*  ride  (3.6  i).  Yiej.d  '  f  disuifamLle 
6.0  g  (8C'  ),  m.p.  133-137“;  after  twi  recijslailizati;  ns  fr  m  alc'  la.  1  the  v.'elglit  v/as  3.  j  g  (^2  ),  necdi.;s  v/itu 
m.p.  143-143°.  Difficultly  soluble  in  eiher  and  Lenzeiie,  and  c.ukc  readily  sr  luLlc  in  alcchol,  acet  ne  and 
pyridine. 

Found  d  N  0.31,  0.30.  C17H15O5N333.  Calculated  :  N  9.60. 

5)  2-(Acetylsulfanilylimido)-3-(benzenesulfanilyl)-4-thiazoline  (XI).  By  the  above  method  5.'J  g  of 
the  acetylsulfothiazole  and  3.5  g  of  benzenesulfonyl  chlcride  gave  6.7  g  (lO.V)  of  the  disulfamide.  Recrystal¬ 
lization  from  alcohol  gave  5.5  g  (58'^)  of  the  product;  slender  rods  with  m.p.  155-157*.  Its  mixture  with  pro¬ 
duct  (IX)  melted  at  136-138*. 

Found  ‘7i::  N  9.49,  9.48.  Ci7Hj505N3S3.  Calculated  :  N  9.60. 

6)  Ammonolysis  of  Disulfamides.  a)  0.45  g  of  compound  (VllI)  was  mixed  in  a  thick- walled  test  tube 

with  1.1  ml  of  15‘7o  ammonia  solution.  The  test  tube  was  stoppered  tightly  and  heated  on  the  water  bath  at 
70*  for  4  hours.  The  test  tube  was  opened  after  cooling;  its  contents  were  transferred  to  a  porcelain  dish  and 
evaporated  to  dryness.  With  heating  the  residue  dissolved  in  soda  solution  After  cooling,  the  soda-in- 

soluble  portion  was  filtered  and  washed  on  the  filter.  Yield  of  dry  product  0.16  g  (81.1’^.),  m.p.  141-142*.  Its 
mixture  with  synthetic  p-chlorobenzenesulfamide  melted  at  142-143*.  The  soda  filtrate  was  acidified  with 
acetic  acid,  the  resulting  precipitate  filtered,  washed,  and  dried  to  constant  weight.  Yield  0.26  g  (91.6s  ), 
m.p.  255-257*.  Its  mixed  melting  point  with  the  authentic  acetylsulfothiazole  was  m  t;d?pte.s.sc  U'  • 

b)  The  ammonolysis  of  compound  (IX)  was  run  the  same  as  described  in  "a":  Here  we  obtained:  1) 

88%  of  acetylsulfanilamide,  m.p.  213*  (from  water),  and  2)  94.5*?  of  2-(p-chlorobenzenesuifamido)thiazcle, 
m.p,  198*.  The  mixed  melting  point  with  the  synthetic  product  l^vas  net  depressed. 

c)  The  ammonolysis  of  compound  (X)  gave:  1)  79^  of  acetylsulfanilamide.  m.p.  208-210*.  After  re¬ 
crystallization  from  water,  m.p.  212-213*.  Its  mixed  melting  point  with  the  synthetic  acetylsulfanilamide 
showed  no  depression..  2)  91.5*70  of  2-(benzenesulfonamido)thiazole  with  m.p.  168*.  Its  mixture  with  the 
synthetic  specimen  melted  at  168-170*. 

d)  The  ammonolysis  of  compound  (XI)  gave:  1)  65.5*70  01  benzenesulfonamide  with  m.p.  151*,  and 
after  recrystallization  from  water,  m.p.  152-153*.  Its  mixture  with  the  product  of  authentic  structure  (m.p. 
152-153*)  melted  at  152-153*.  2)  90.7*7t>of  the  acetylsulfothiazole  with  m.p.  256-257*.  Its  mixture  with  the 
synthetic  specimen  melted  at  the  same  temperature. 

SUMMARY 

1.  The  alternate  introduction  of  2  difPiruntsulfarylradicials  in  2-aminothiazole  gave  isomeric  disulfamides. 

2.  On  the  basis  of  the  ammonolysis  results  and  a  study  of  the  absorption  spectra  in  the  ultraviolet  it  was 
established  that  the  obtained  disulfamides  have  the  thiazoline  structure  (VIII,  IX  and  X,  XI)  (Scheme  6),  and 
not  the  thiazole  structure  (VII)  (Scheme  5). 
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3,4-DIKETONES  OF  THE  FURANIDINE  SERIES  OF  THE  BISPYRAN  TYPE 
IN  THE  SYNTHESIS  OF  CONDENSED  HETEROCYCLIC  SYSTEMS 


I.  K.  Korobitsyna,  Yu,  K.  Yuryev,  Yu.  A,  Cheburkov  and  E,  M.  Lukina 


In  a  previous  study  we  had  shown  that  the  3,4-diketones  of  the  furanidine  series  (2,2,5,5,-tetramethylfurani- 
din-3,4-dione  and  2,5-dimethyI-2,5-diethylfuranidin-3,4-dione)  are  convenient  starting  substances  for  the  syn¬ 
thesis  of  condensed  heterocyclic  systems,  into  whose  composition  enter  the  furanidine,  quinnxaline,  dihydropyra- 
zine  or  imidazole  cycles  [1], 

In  this  work  we  studied  the  reaction  of  the  bispyran  type  of  3,4-diketones  of  the  furanidine  series:  2, 2,5,5- 
bispentamethylenefuranidin-3,4-dione  and  2,2,5 ,5-bistetramethylenefuranidin-3,4-dione  [2],  Their  reaction  with 
o-phenylenediamine  gave:  (2,2,4,4-bispentamethylenefuranidino)-(3,4)-quinoxaline,  and  correspondingly,  (2,2,- 
4,4-bistetramethylenefuranidino)-(3,4)-quinoxaline.  When  reacted  with  ethylenediamine  they  gave  (2,2,4,4- 
bispentamethy lenefuranidino) -(3 ,4)- dihydropyrazine ,  and  correspondingly ,(2,2 ,4,4-  bistetramethy lenefuranidino)- 
(3,4)-dihydropyrazine.  In  all  cases  the  yields  of  reaction  products  were  80-90%, 
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NH.CH^CHjNH, 


■\|  1/- 


o  =  C,H,(NH,), 


The  bispyran  type  of  3, 4- diketones  also  readily  enter  into  the  Radz,iszewski  reaction  [3]  (with  aldehydes  and 
ammonia),  giving  the  corresponding  imidazoles.  Thus,  the  reaction  of  2,2,5 ,5-bispentamethylenefuranidin-3,4- 
dione  with  urotropine  or  benzaldehyde  and  ammonia  gave  (4,4,6,6-bispentamethylenefuranidino)-(3,4)-imidazole, 
and  correspondingly,  2-phenyl-(4,4,6,6-bispentamethylenefuranidino)-(3,4)-imidazole: 
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In  a  similar  manner  from  2,2,5/)-bistetramcthylenefnraniclin-3,4-dione  we  obiained  (4,4,6,6-blstetramethyI- 
enefuranidino)-(3. 4)- imidazole,  and  correspondingly,  2-plienyl-(4,4,6,6-bistetramethylenefuranidino)-(3,4)- 
imidazole; 
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The  yields  of  the  imidazoles  were  GO-QS^o.  The  imidazoles,  containing  phenyl  radicals,  rapidly  darkened 
in  the  light. 

From  the  literature  it  is  known  that  the  reaction  of  a-diketones  with  semicarbazide  can  lead,  depending 
on  the  reaction  conditons  and  ratio  of  reagents,  to  the  monosemicarbazone,  the  disemicarbazone,  and  to  the 

1 .2.4- triazine  cycle  [4].  According  to  the  data  of  Biltz  [5],  the  reaction  of  equimolar  amounts  of  semicarbazide 
and  a-diketone  gives  the  diketone  monosemicarbazone,  which  when  treated  with  alkali  suffers  ring  closure  with 
the  formation  of  a  3-hydroxy-l, 2,4-triazine.  In  a  similar  manner  the  reaction  with  thiosemicarbazide  gives  the 
3-mercapto-l,2,4-triazines.  In  recent  years  this  method  was  used  to  prepare  a  number  of  mercapto-  and  hydroxy- 

1.2.4-  triazines  [6]. 

In  this  study  it  was  shown  that  the  heating  of  2,2,5,5-bispentamethylenefuranidin-3,4-dione  with  an  equi¬ 
molar  amount  of  semicarbazide  gives  the  monosemicarbazone,  which  when  treated  with  concentrated  alkali 
cleaves  water  with  ring  closure  to  give  3-hydroxy-(5 ,5, 7, 7-bispentamethylenefuranidino)-(3,4)-l, 2,4-triazine. 

The  reaction  with  thiosemicarbazide  proceeds  in  similar  manner,  leading  to  3-mercapto-(5,5,7,7-bispentamethyl- 
enefuranidino)-(3, 4)- 1, 2,4-triazine. 


It  was  shown  on  the  example  of  reacting  2,2,5 ,5-bistetramethylenefuranidin-3,4-dione  with  semicarbazide 
that  3-hydroxy-(5 ,5, 7, 7-bistetramethylenefuranidino)-(3,4)-l, 2,4-triazine  can  be  obtained  in  65%  yield  by  re¬ 
acting  first  with  the  semicarbazide,  and  then  (without  isolating  the  monosemicarbazone)  with  sodium  hydroxide. 
Similar  reaction  with  thiosemicarbazide  gave  3-mercapto-(5 ,5,7, 7-bistetramethylenefuranidino)-(3,4)-l, 2,4- 
triazine: 
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EXPERIMENTAL 

1  .  P r e p a  r a t  i oji^  of  Qu inoxalines  from  3 , 4 -  D iket ones  of  the  Furanidine  Series 


(2,2,4.4-Bispentamethylenefuranidino)-(3,4)-quinoxaline.  A  mixture  of  0.6  g  of  2,2,5 , 5-bispentamethyl- 
furanidin-3,4-dione  and  0.27  g  of  o-phenylenediamine  was  heated  for  15  minutes.  After  dissolving  in  hot  alcohol 
and  adding  water  we  obtained  0.6  g  (80*70  of  (2,2,4,4-bispentamethylenefuranidino)-(3,4)-quinoxaline:  m.p. 
117.2-117.5*.  Readily  soluble  in  alcohol  and  pyridine. 


Found  1:  N  9.24,  9.05.  C20H24ON2.  Calculated  N  9.08. 

(2,2,4,4-Bi5tetramethylenefuranidino)-(3,4)-quinoxaline.  Obtained,  as  described  above,  from  0.83  g  of 
of  2,2,4,4-bistetramethylenefuranidin-3,4-dione  and  0.43  g  of  o-phenylenediamine;  m.p.  105.5-106*.  Yield  1  g 
(90*70). 


Found  '7:  N  9.99,  10.03.  Ci8H2oON2.  Calculated  <7^:  N  10.00. 

2 .  Prepa ration  of  Dihydropyrazi nes  From  3  ,4- Diketones  of  the  Furanidine  Series 

(2,2,4,4-Bi5pentamethylenefuranidino)-(3,4)-6,7-dihydropyrazine.  Self- heating  was  observed  when  0.6  g 
of  2,2,5 ,5-bispeniamethylenefuranidin-3,4-dione  was  reacted  with  0.19  g  of  ethylenediamine  monohydrate.  Then 
the  mixture  was  heated  several  minutes  and  dissolved  in  20  ml  of  alcohol.  The  addition  of  water  gave  0.6  g 
(92‘7<)  of  (2,2,4,4-bi.spentamethyl<  fiiranidino)-(3,4)-6,7-dihydropyrazine;  m.p.  64*.  Readily  soluble  in  alcohol, 
acetone  and  pyridine. 

Found  <7c:  N  10.61,  10.46.  Ci6H240N2.  Calculated  *7:  N  10.77. 

(2,2,4,4-Bistetramethylenefuranidino)-(3.4)-6.7-dihydropyrazine.  Here  also  the  reaction  of  4.16  g  of 
2,2,5,5-bistetramethylenefuranidin-3,4-dione  with  1.6  g  of  ethylenediamine  monohydrate  was  with  self-heating. 
The  reaction  mixture  was  diluted  with  ether  and  dried  over  potash.  Removal  of  the  ether  by  distillation  of  2 
vacuum-distillations  of  the  residue  gave  4  g  (79*7)  of  (2,2,4,4-bistetramethylenefuranidino)-(3,4)r6,7-dihydro- 
pyrazine. 

B.p.  147-148*  (7  mm),  ng  1.5253,  df  1.0900,  MRp  71.48.  CigHzPNzpz  Calc..  71.91. 

Found  *^:  N  10.99,  11.25.  CUH20ON2.  Calculated  *7c:  N  10.93. 

3.  Preparation  of  Imidazoles  From  3 ,4- Diketones  of  the  Furanidine  Series 

(4,4,6 ,6-  Bispentamethylenefuranidino)-(3 ,4)-  Imidazole.  A  mixture  of  11.8  g  of  2,2,5,5-bispentamethyl- 
enefuranidin  3,4-dione,  1.4  g  of  urotropine  and  25  g  of  ammonium  acetate  was  dissolved  in  100  ml  of  glacial 
acetic  acid  and  the  solution  heated  for  2  hours  in  a  flask  under  reflux.  The  mixture  after  cooling  was  poured  into 
100  ml  of  water,  filtered,  and  with  ice-cooling  was  saturated  with  gaseous  ammonia.  The  resulting  precipitate 
was  suction- filtered  and  washed  with  water. 

The  yield  of  (4,4,6,6-bispentamethylenefuranidino)-(3,4)-imidazole  was  10  g  (81*7f):  m.p.  213-213.5* 

(from  benzene):  readily  soluble  in  alcohol,  pyridine,  chloroform  and  dichloroethane,  and  difficultly  soluble  in 
water  and  ether. 


Found  *7o:  C  73.22,  73.20;  H  8.94,  9.03;  N  11.12,  11.24.  Ci5H220N2.  Calculated  *7:  C  73.21;  H  8.90; 

N  11.38. 

(4,4,6,6-Bistetramethylenefuranidino)-(3,4)-imidazole.  Obtained  from  3  g  of  2,2,5,5-bistetramethylene- 
furanidin-3,4-dione,  0.4  g  of  urotropine  and  9  g  of  ammonium  acetate  by  the  method  given  above.  Yield  2.8  g 


2295 


css'll):  m.p.  244.5-245,5*  (from  dichloroethane);  readily  soluble  in  alcohol,  chloroform,  pyridine  and  dioxane. 

Found  N  12.56,  12.77.  CijHijON,.  Calculated  «!<•.  N  12.84. 

2-Phenyl-(4,4,6,6-bispentamethylenefuranidino)-(3,4)-imidazole.  Obtained  from  2.36  g  of  2,2,5,5- 
bispentamethylenefuranidin-3,4-dione,  1.06  g  of  benzaldehyde  and  10  g  of  ammonium  acetate,  as  described 
above.  Yield  2  g  (62*7);  m.p.  230-230.5*  (from  benzene).  Rapidly  darkens  in  the  light. 

Found  N  9.26,  9.20.  CjiHjtON*.  Calculated  <7c:  N  8.69. 

2-  Phenyl-(4,4,6,6-biitetramethylenefuranidino)-(3,4)-imidazole.  Obtained  from  1.04  g  of  2,2,5,5- 
bistetramethylenefuranidin-3,4-dione,  0.55  g  of  benzaldehyde  and  5  g  of  ammonium  acetate,  as  described 
above.  Yield  1.4  g  (95*70):  m.p.  204.5-205.5*  (from  dilute  alcohol).  Rapidly  darkens  in  the  light. 

Found  N  9.98,  10.11,  CijHiPNi.  Calculated  <7c:  N  9.51. 

4  Preparation  of  Hydroxy-  and  Mercaptotriazines  From  3 ,4- Diketones  of  the 
Furanidine  Series 

3- Hydroxv-(5,5,7,7-bispentamethylenefuranidino)-(3,4)-1.2.4,-triazine.  A  mixture  of  1.18  g  of  2,2,5,5- 
bispentamethylenefuranidin-3,4-dione,  0.56  g  of  semicarbazide  hydrochloride  and  10  ml  of  glacial  acetic  acid 
was  heated  for  1  hour  in  a  flask  under  reflux  and  then  poured  into  100  ml  of  water.  Yield  of  2,2,5,5-bispenta- 
methylenefuranidin-3,4-dione  monosemicarbazone  1.4g(96‘7():  m.p.  182.5- 183.5*^ (from  gasoline). 

Found  <7:  C  61.46,  61.51;  H  8.01,  7.93;  N  14.73,  14.82.  CisHzPjN,.  Calculated  <7:  C  61.27;  H  7.90; 

N  14.33. 

A  mixture  of  0.5  g  of  2,2,5,5-bispentamethylenefuranidin-3,4-dione  monosemicarbazone  and  10  ml  cf 
40*7^  sodium  hydroxide  was  boiled  for  3  hours  in  a  flask  under  reflux.  The  solution  after  cooling  was  made 
slightly  acid  with  acetic  acid,  the  precipitate  was  filtered,  air- dried,  and  recrystallized  from  gasoline,  rue 
yield  of  3-hydroxy-(5,5,7,7-bispentamethylenefuranidino)-(3,4)-l,2,4-triazine  was  0.35  g  (75*7);  m.p.  214*. 
Soluble  in  alcohol,  dioxane  and  acetone,  and  insoluble  in  water. 

Found  <7c:  N  15.33,  15.41.  CisHziOjNj.  Calculated  <7o:  N  15.45. 

3-Hydroxy-(5 ,5,7,7-bistetramethylenefuranidino)-(3.4)-1.2.4-triazine.  A  mixture  of  1.04  g  of  2,2,5 ,5- 
bistetramethylenefuranidin-3,4-dione,  0,56  g  of  semicarbazide  hydrochloride  and  10  ml  of  glacial  acetic  acid 
was  boiled  for  1  hour  in  a  flask  under  reflux.  To  the  cooled  solution  was  added  20  ml  of  40*7' sodium  hydroxide 
solution,  the  mixture  was  heated  another  2  hours,  and  then  it  was  made  weakly  acid  with  acetic  acid.  The 
precipitate  was  filtered,  dried,  and  recrystallized fom  gasoline.  The  yield  of  3-hydroxy-(5, 5,7,7- bistetramethyl- 
enefuranidino)-(3,4)-l,2,4-triazine  was  0.8  g  (65*7);  m.p.  194.5-195*.  Readily  soluble  in  acetone  and  alcohol; 
insoluble  in  water. 

Found  *70;  N  16.67,  16.69.  CijHitOjNj.  Calculated  ^c:  N  16.98. 

3-Mercapto-(5 ,5,7,7-bistetramethylenefuranidino)-(3,4)-l,2,4-triazine.  a)  To  1.3  g  of  2,2,5 ,5-bistetra- 
methylenefuranidin-3,4-dione  in  6  ml  of  pyridine  was  added  0.85  g  of  thiosemicarbazide  hydrochloride  in 
3  ml  of  water.  The  precipitate  was  filtered,  washed  with  water,  and  dried.  The  yield  of  2,2,5 , 5-bistetramethyl- 
enefuranidin-3,4-dione  monothiosemicarbazone  was  1.6  g  (85‘7c);  m.p.  150-151*  (from  dilute  alcohol).  Soluble 
in  alcohol;  insoluble  in  water. 

Found  <70:  N  13.60,  13.83.  CijHijOjNsS.  np.  Calculated  %■.  N  14.02. 

b)  A  mixture  of  1.04  g  of  2,2,5 ,5-bistetramethylenefuranidin-3,4-dione,  0.56  g  of  thiosemicarbazide 
hydrochloride  and  10  ml  of  glacial  acetic  acid  was  boiled  in  a  flask  under  reflux  for  1  hour.  The  cooled  solu¬ 
tion  was  treated  with  20  ml  of  40*7©  sodium  hydroxide  solution,  the  mixture  heated  another  2  hours,  and  then 
acidified  with  acetic  acid.  The  precipitate  was  filtered  and  recrystallized  from  gasoline.  The  yield  of3- 
mercapto-(5,5,7,7-bistetramethylenefutanidino)-(3,4)-l,2,4-triazine  was  1  g  (76'7i):  rn.p.  194.5-195*.  Readily 
soluble  in  alcohol  and  acetone;  insoluble  in  water. 

Found  *70:  C  59.87,  59.68;  H  6.33,  6.65.  CijHjPNsS.  Calculated  %  C  59.27;  H  6.46. 
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3- Mercapto-(5 ,5 ,7,7-bispentatnethylenefuranldlno)-(3,4)- 1 ,2,4- trlazine.  a)  A  mixture  of  2.36  g  of 
2,2,5,5-bispentamethylenefuranidin-3,4-dione,  1.27  g  of  thiosemicarbazide  hydrochloride  and  15  ml  of  glacial 
acetic  acid  was  boiled  for  1  hour  in  a  flask  under  reflux,  cooled,  and  poured  into  100  ml  of  water.  The  pre¬ 
cipitate  was  filtered.  The  reaction  product  (2.5  g)  was  dissolved  in  gasoline  at  20*.  the  insoluble  portion  was 
filtered,  and  then  recrystallized  from  gasoline.  The  yield  of  3'mercapto-(5.5,7,7-bispentamethylenefuranidino) 
(3,4)-l,2,4-triazine  was  0.3  g;  m.p.  210.5-211*.  Soluble  in  acetone,  alcohol  and  dioxane. 

Found  ‘7.:  N  15.56,  15.48.  CisHnONjS.  Calculated  N  15.72. 

Gasoline  solution  was  evaporated  to  dryness,  and  the  residue  was  recrystallized  from  aqueous  dioxane. 
The  yield  of  *2,2,5 ,5-bispentamethylenefuranidin-3.4'dione  monothiosemlcarbazone  was  0.8  g;  m.p.  132-133*. 

Found  <7:  N  13.88,  13.90.  CisHjPjNiS.  Calculated  N  13.62. 

b)  A  mixture  of  0.25  g  of  2,2,5 ,5-bispentamethylelefuranidin-3,4-dione  monothiosemlcarbazone  and 
7.5  ml  of  40‘7>  sodium  hydroxide  solution  was  boiled  for  2  hours  in  a  flask  under  reflux.  The  solution  after 
cooling  was  made  weakly  acid  with  acetic  acid;  the  precipitate  was  filtered  and  then  recrystallized  from 
gasoline.  The  yield  of  3-mercapto-(5,5,7,7-blspentamethylenefuranidino)-(3,4)-l,2,4-triazine  was  0.2  g; 
m.p.  210-211*.  The  melting  point  of  its  mixture  with  the  substance  obtained  in  the  preceding  experiment 
(m.p.  210.5-211*)  failed  to  be  depressed;  m.p.  209-210*. 

SUMMARY 

1.  The  bispyran  type  of  3, 4- diketones  of  the  furanidine  series  are  convenient  substances  for  the  synthesis 
of  condensed  heterocyclic  systems- quinoxalines,  dihydropyrazines  and  imidazoles,  in  whose  composition  the 
furanidine  ring  is  found. 

2.  The  bispyran  type  of  3,4- diketones  of  the  furanidine  series  can  also  be  successfully  used  for  the  syn¬ 
thesis  of  3-hydroxy-  and  3-mercapto-l,2,4-trlazines,  containing  the  furanidine  ring. 
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ACONITE  ALKALOIDS 


VIII.  IDENTITY  OF  DELPHELATINE  WITH  ELDELINE 


A.  D.  Kuzovkov 


The  alkaloid  delphelatine  C30H4TO9N  was  isolated  by  V.  V.  Feofilaktov  and  L.  D.  Alekseeva  from  the 
plant  Delphiniumelatum,  collected  by  P.  S.  Massagetov  in  the  Altai  mountains.  Together  with  M.  S.  Rabinovich 
we  had  communicated  earlier  [2]  on  the  isolation  of  the  alkaloid  eldeline  C27H41O1N  from  the  same  plant 
specimen. 

V.  V.  Feofilaktov  and  L.  D  Alekseeva  [1]  compared  the  constants  of  their  isolated  alkaloid,  its  salts  and 
the  amino  alcohol  obtained  on  saponification,  with  the  constants  of  eldeline,  the  corresponding  salts  and  the 
amino  alcohol  eldelidine- the  saponification  product  of  eldeline.  The  constants  of  all  of  the  compared  substances 
either  coincide  or  are  close  to  each  other.  The  decision  of  the  authors  that  delphelatine  and  eldeline  are  dif¬ 
ferent  is  based  on  the  difference  in  the  composition  of  these  substances,  and  on  the  absence  of  a  methylene- 
dioxy  group  in  delphelatine,  which  is  present  in  eldeline. 

Recently  we  obtained  from  L.  D.  Alekseeva  a  specimen  of  delphelatine  hydrochloride  with  m.p.  214-215*. 
For  comparison  from  an  eldeline  specimen  (m.p.  183-185*),  isolated  earlier  by  M.  S.  Rabinovich,  the  hydro¬ 
chloride  with  m.p.  216-216.5*  (from  a  mixture  of  anhydrous  alcohol  and  absolute  ether)  was  prepared.  The 
mixture  of  the  two  specimens  melted  at  215-215.5*.  Both  hydrochlorides  have  the  same  infrared  absorption 
spectra  (see  Figure).  Both  substances  gave  a  positive  reaction  when  qualitatively  tested  for  the  presence  of  a 
methylenedioxy  group  by  the  Clowes- Tollens  method  [3]. 

The  data  obtained  by  us  show  that  delphelatine  and  eldeline  are  the  same  substance,  for  which  the  name 
eldeline  can  be  retained  in  the  future. 

The  empirical  formula,  proposed  by  M.  S.  Rabinovich  [2]  for  eldeline,  is  in  better  agreement  with  the 
determination  results  for  the  composition  of  the  alkaloid  than  is  the  formula  proposed  for  delphelatine.  The 
analyses  of  the  alkaloid  and  of  its  salts  for  the  C,  H,  N  and  OCHs  content  [1,2]  correspond  equally  well  to  both 
formulas.  Different  results  were  obtained  when  the  OH  content  was  determined:  V.  V.  Feofilaktov  and  L.  D. 
Alekseeva  postulate  the  presence  of  two  hydroxyl  groups  in  the  alkaloid,  while  the  data  of  M.  S.  Rabinovich 
indicate  the  presence  of  only  one  hydroxyl.  We  confirmed  the  presence  of  only  one  hydroxyl  group  when  we 
analyzed  eldeline  (found  7' :  OH  3.60;  calculated OH  3.35). 

A  recently  published  communication  by  Edwards  and  his  coworkers  [4]  on  the  pinacolin  rearrangement, 
observed  in  the  treatment  of  lycoctonine  with  strong  acids,  causes  us  to  communicate  on  the  observations 
that  we  made  in  studying  eldelidine.  The  heating  of  eldelidine  with  dilute  hydrochloric  acid  (1:1)  at  80-90* 
in  the  presence  of  phloroglucinol  resulted  in  saponification  of  the  methylenedioxy  group.  The  reaction  product, 
for  which  we  propose  the  name  demethylene  eldelidine,  has  the  composition  contains  one  glycol 

group  (1.2  moles  of  oxidizing  agent  is  consumed  when  oxidized  with  periodic  acid),  and  fails  to  contain  any 
carbonyl  groups  (absence  of  the  corresponding  band  in  the  infrared  absorption  spectrum).  The  boiling  of 
demethyleneeldelidine  with  concentrated  hydriodic  acid  gave  a  crystalline  0x0  compound  of  composition 
C21HJ1O4N;  its  infrared  spectrum  shows  bands  at  3565  cm"^  (OH)  and  1725  cm'^  (keto  group  in  a  six-membered 
ring).  The  base  forms  well  crystallizing  salts.  Our  explanation  for  the  formation  of  the  0x0  compound  is  that 
the  demethyleneeldelidine,  containing  a  glycol  group,  suffers  pinacolin  rearrangement  under  the  influence  of 
hydriodic  acid. 
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A  hydrocarbon  is  obtained  when  the  o.<o  roinpoiind  is  dehydrogenated  with  selenium,  giving  a  crystalline 
trinitrobenzene  derivative  with  m.p.  100- 102*.  and  apparently  being  a  polycyclic  aromatic  hydrocarbon.  We 
were  unable  to  obtain  any  aromatic  hydrocarbons  when  eldelidine  was  subjected  to  similar  dehydrogenation. 


% 
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Infrared  absorption  spectra  in  vaseline  oil  of  the  hydrochlo¬ 
rides  of  eldeline  and  delphelatine.  1)  eldeline  hydrochloride, 

2)  delphelatine  hydrochloride. 

EXPERIMENTAL 

Demethyleneeldelidine.  A  mixture  of  80  g  of  eldelidine  and  40  g  of  phloroglucinol  was  dissolved  in  4  liters 
of  hydrochloric  acid  (1:1)  and  heated  for  2  hours  at  80-90*.  Further  treatment  was  by  the  method  described  earlier 
[5].  The  yield  of  phloroglucide  was  31  g,  which  corresponds  to  a  content  of  one  methylenedioxy  group  (found  °lo: 
CHj  3.9;  calculated  <70:  CHj  3.4).  Here  the  base  was  isolated  (yield  47  g),  which  after  drying  at  80*  had  m.p.  106- 
108*  (from  aqueous  acetone)  and  [a]p  +  32.0*  (c  =  2.0;  alcohol). 

The  Hydrochloride  was  obtained  in  the  usual  manner;  m.p.  230-231*  (with  decomp.)  (from  a  mixture  of 
alcohol  and  ether)  and  [ajp  +  7.94*  (c  =  2.0;  alcohol). 

Found  >7o:  C  57.77;  H  8.31;  Cl  6.98.  C14H39O7N  •  HCl- 0.5  Hp.  Calculated  <7):  C  57.77;  H  8.28;  Cl  7.11. 

The  Hydrobromide  was  obtained  by  adding  concentrated  hydrobromic  acid  to  an  acetone  solution  of  the  base. 
The  salt  melted  with  decomposition  at  198-199*  (from  a  mixture  of  alcohol  and  ether). 

Found  <70:  Br  15.10.  C24H3907N.‘ HBr.  Calculated '7o:  Br  14.98. 

Oxo  Compound.  A  mixture  of  47  g  of  demethyleneeldelidine,  470  ml  of  concentrated  HI  and  12  g  of  red 
phosphorus  was  heated  with  descending  condenser  until  most  of  the  methyl  idodide  had  distilled  (9  g;  b.p.  43*). 

After  this  the  mixture  was  boiled  for  6  hours  under  reflux,  adding  in  portions  during  this  time  15  g  of  red  phosphorus. 
The  hot  solution  was  filtered  through  a  glass  filter;  the  hydriodic  acid  was  distilled  from  the  filtrate  in  vacuo. 

Then  the  residue  was  treated  with  470  ml  of  HCl  (1:1)  and  23  g  of  granulated  zinc,  and  the  whole  was  boiled  under 
reflux  for  5  hours,  during  which  time  another  23  g  of  zinc  was  added.  The  solution  was  cooled,  separated  from 
tarry  substances  and  zinc,  and  made  alkaline  under  cooling  with  aqueous  ammonia.  The  base  was  extracted  with 
ether.  The  yield  of  yellow  oily  base  was  30  g.  It  was  dissolved  in  50  ml  of  acetone,  and  the  solution  made  acid 
with  coned.  HBr.  The  crystalline  hydrobromide  precipitated  immediately;  yield  17  g.  Recrystallization  from 
water  gave  8  g  of  the  hydrobromide  with  m.p.  274-276*. 

Found  <7'^:  C  57.11;  H  7.54;  Br  17.99;  N  3.12.  C2iHji04N  -  HBr.  Calculated  <7c:  C  57.01;  H  7.29;  Br  18.06; 

N  3.17. 
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The  base  was  obtained  from  the  hydrobromide  in  the  usual  manner,  which  after  recrystallization  from 
aqueous  alcohol  and  then  from  benzene  had  m.p.  207-208.5*  and  [a]p  +  53.8*  (c  =  2.0;  alcohol). 

Found  %  N  4.03.  M  410.  CaHji04N.  Calculated  N  3.87.  M  361. 

Dehydrogenation  With  Selenium.  A  mixture  of  5  g  of  demethyleneeldelidine  and  5  g  of  selenium  was 
heated  at  320-340*  for  8  hours.  The  reaction  products  were  extracted  with  ether,  and  the  extract  was  washed 
successively  with  IQ^Jo  HJSO4,  10%  NaOH  solution  and  water,  and  then  evaporated.  Here  we  obtained  1  g  of 
tarry  brown  substance,  the  solution  of  which  in  15  ml  of  petroleum  ether  was  chromatographed  on  50  g  of 
Ali03.  Petroleum  ether  was  used  for  the  elution.  The  eluate  of  the  top  half  of  the  zone,  showing  fluorescence 
in  ultraviolet  light,  gave  100  mg  of  yellow  oil,  from  which  the  trinitrobenzene  derivative  was  prepared;  yield 
45  mg;  m.p.  100-102*  (from  alcohol). 

SUMMARY 

1.  The  identity  of  delphelatine  with  eldeline  was  established. 

2.  Demethyleneeldelidine  was  obtained. 

3.  Experiments  were  run  on  the  cleavage  of  demethyleneeldelidine  with  concentrated  hydriodic  acid 
and  red  phosphorus,  and  also  on  its  dehydrogenation  with  selenium. 
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STUDY  OF  Cjs  ALKALOIDS 


I.  SOPHOCARPINOLS 

A.  S.  Sadykov,  O.  S.  Otroshchenko  and  Yu.  K.  Kushmuradov 


In  the  study  of  N.  F.  Proskurnina  and  A.  D.  Kuzovkov  [1]  it  was  shown  that  sophocarpine  has  a  matrine 
skeleton  but  differs  from  it  by  the  presence  of  a  double  bond.  However,  the  behavior  of  these  alkaloids  toward 
alkalies  does  not  permit  making  a  final  decision  as  to  the  identity  of  their  skeletons.  Thus,  for  example,  the 
treatment  of  matrine  with  potassium  hydroxide  yields  matrinic  acid  due  to  cleavage  of  the  lactam  ring  in  the 
alkaloid;  sophocarpine  falls  to  change  when  treated  with  alkalies.  Ptoceeding  from  this,  and  also  from  the  fact 
that  sophocarpine  is  an  industrial  waste,  we  began  a  study  of  this  alkaloid. 

In  this  paper  we  communicate  the  results  obtained  by  us  in  studying  the  reaction  of  sophocarpine  with 
organomagnesium  compounds,  in  accord  with  the  scheme; 


Winterfeld  and  Petkow  [2]  were  the  first  to  run  a  similar  reaction  with  lupanine.  The  authors  were  able  to 
study  the  reaction  conditions,  isolate  the  alkyllupanols,  and  in  this  way  demonstrate  the  possibility  of  introducing 
alkyl  groups  into  lupanine. 

The  wastes  from  the  production  of  pachycarpine  from  the  heavy- bearing  sophora  served  as  the  source  of  the 
sophocarpine  used  in  our  study. 

The  reaction  of  sophocarpine  with  organomagnesium  compounds  was  carried  out  under  the  usual  conditions 
of  adding  an  ether  solution  of  sophocarpine  to  the  Grignard  reagent.  The  reactions  were  run  with  CjHgMgBr  and 
C2H5MgI.  The  phenylsophocarpinol  was  isolated  from  the  reaction  mixture  as  the  hydriodide,  obtained  with  the 
aid  of  ammonium  iodide.  This  shows  that  the  introduction  of  a  hydroxyl  group  increases  the  basic  properties  of 
sophocarpine,  since  sophocarpine  itself  fails  to  react  with  ammonium  iodide  [3]. 

Phenylsophocarpinol  is  a  crystalline  substance  with  m.p.  69*;  it  gives  a  hydriodide  with  m.p.  150-151*;  the 
hydrochloride  with  m.p.  175-176*;  the  picrate  with  m.p.  97-98*;  and  the  hydrochloride  of  the  acetyl  derivative 
with  m.p.  225-226*. 

Ethylsophocarpinol  appears  as  colorless  crystals  with  m.p.  98-99*;  it  gives  a  hydriodide  with  m.p.  309-310* 
and  a  picrate  with  m.p.  224-225*. 

Determination  of  active  hydrogen  by  the  Terentyev  and  Kupletskaya  procedure  [4]  revealed  the  presence 
of  one  hydroxyl  group  in  the  alcohols.  Treatment  with  acetyl  chloride  gave  the  corresponding  acetyl  derivatives 
as  the  hydrochlorides.  The  hydrochloride  of  the  acetyl  derivative  of  ethylsophocarpinol  is  extremely  hygroscopic; 
it  retains  its  crystalline  structure  only  in  solvents  (in  ether). 
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EXPERIMENTAL 


Isolation  of  Sof^ocarpine.  A  sample  of  250  g  of  high- boiling  bases  from  the  heavy- bearing  sophora 
(plant  wastes)  was  separated  into  three  fractions  by  vacuum- distillation;  1st  fraction,  b.p.  150-170*  (5  mm), 

3  g  of  pachycarpine;  2nd  fraction,  b.p.  170-210*  (5  mm),  55  g  (,22PJ)  of  sophocarpine;  residue,  192  g 

(76.8*^)  of  sophoramine  and  others.  The  sophocarpine  was  characterized  as  the  hydriodide  (m.p.  276*),  the 
hydrochloride  (m.p.  305-306*),  and  the  picrate  (m.p.  120-121*). 

Rienylsophocarpinol.  To  an  ether  solution  of  phenylmagnesium  bromide,  obtained  from  4.5  g  of  Mg, 

350  ml  of  absolute  ether  and  30  g  of  bromobenzene,  was  added  with  cooling  an  ether  solution  of  45  g  of  an¬ 
hydrous  freshly  distilled  sophocarpine.  Then  the  reaction  mixture  was  heated  for  2  hours.  The  reaction  pro¬ 
duct  after  cooling  was  decomposed  with  lO^o  hydrochloric  acid.  The  acid  solution  was  washed  several  times 
with  ether  (to  remove  unreacted  bromobenzene),  then  made  alkaline  with  23^o  ammonia,  and  after  saturation 
with  potash  was  then  extracted  with  ether.  The  ether  extract  was  dried  over'fused  potash,  and  the  ether  re¬ 
moved  by  distillation.  The  residue  (50  g)  was  dissolved  in  300  ml  of  acetone  and  the  resulting  solution  was 
treated  with  an  acetone  solution  of  29  g  of  ammonium  iodide.  On  shaking  ammonia  was  evolved  and  the 
phenylsophocarpinol  hydriodide  deposited  as  a  crystalline  precipitate.  Recrysiallization  from  alcohol  gave 
35  g  (59.3*7-.)  of  the  hydriodide  with  m.p.  150-151*.  The  hydriodide  is  readily  soluble  in  water  and  alcohol, 
and  difficultly  soluble  in  anhydrous  alcohol. 

Found  t:  I  27.8,  28.3;  N  6.64,  7.00.  CjjHigNjO  -HI.  Calculated  <7:  I  28.0;  N  6.19. 

To  an  aqueous  solution  of  10  g  of  phenylsophocarpinol  hydriodide  was  added  with  heating  a  3C'7  sodium 
hydroxide  solution.  The  oil  that  separated  here  was  extracted  with  ether.  After  drying  and  distilling  off  the 
solvent  the  phenylsophocarpinol  was  obtained  as  a  crystalline  substance  with  m.p.  69*  (from  aqueous  alcohol 
1:3). 

Found:  1.006,  1.008.  CjiHzgONj.  Calculated;  Hact.  l-OO- 

Phenylsophocarpinol  Hydrochloride.  To  2  g  of  phenylsophocarpinol  in  25  ml  of  acetone  was  added  in 
drops  an  acetone  solution  of  hydrogen  chloride  until  acid  to  Congo.  The  crystalline  hydrochloride  deposited 
on  standing,  which  after  recrystallization  from  acetone  had  m.p.  175-176*. 

Found  ‘7r:  Cl  17.19,  18.12.  CjiHjjNgO  •  HCl.  Calculated  *7:  Cl  17.88. 

Phenylsophocarpinol  Picrate.  The  picrate  was  obtained  by  mixing  alcohol  solutions  of  the  base  and 
picric  acid,  which  after  recrystallization  from  alcohol  had  m.p.  97-98*. 

Hydrochloride  of  the  Acetyl  Derivative  of  Phenylsophocarpinol.  To  a  cooled  solution  of  10  g  of  the  base 
in  30  ml  of  ether  was  added  acetyl  chloride  in  drops.  The  resulting  white  resinous  precipitate  was  washed 
several  times  by  decantation  with  hot  acetone.  After  recrystallization  from  acetone  the  hydrochloride  had 
m.p.  225-226*. 

Found  <7c:  Cl  7.38,  6.37,  6.37.  CaHjTOCOCHj  *  HCl.  Calculated  <7:  Cl  6.9. 

Ethy Isophocarpinol .  To  an  ether  solution  of  ethylmagnesium  iodide,  prepared  from  8  g  of  Mg,  400  ml 
of  absolute  ether  and  60  g  of  ethyl  iodide,  was  gradually  added  with  cooling  and  stirring  an  ether  solution  of 
88  g  of  freshly  distilled  sophocarpine.  Then  the  mixture  was  heated  for  2  hours  on  the  water  bath.  Further 
treatment  and  isolation  of  the  reaction  product  were  the  same  as  for  the  phenylsophocarpinol.  The  yield  of 
ethylsophocarpinol  with  m.p.  98-99*  (from  methyl  alcohol)  was  20  g  (21*7). 

Found  :  H^^.^  1.09,  1.20.  CjTHgPNj.  Calculated:  H^ct.  l-OO- 

Ethylsophocarpinol  Hydriodide.  To  2  g  of  ethylsophocarpinol  in  20  ml  of  acetone  was  added  1.8  g  of 
ammonium  iodide.  Shaking  of  the  mixture  resulted  in  ammonia  evolution  and  the  deposition  of  the  hydriodide 
as  a  crystalline  precipitate  with  m.p.  309-310*  (from  alcohol). 

Ethylsophocarpinol  Hydrochloride  is  obtained  as  a  precipitate  when  acetone  solutions  of  the  base  and 
hydrochloric  acid  are  mixed.  We  were  unable  ot  determine  the  melting  point  of  the  compound  due  to  its 
extreme  hygroscopicity. 

Ethylsophocarpinol  Picrate.  Obtained  by  mixing  alcohol  solutions  of  the  base  and  picric  acid.  After 
recrystallization  from  alcohol,  m.p.  224-225*. 
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SUMMARY 


1.  The  lactam  group  of  sophocarpine  was  reacted  with  organomagnesium  compounds.  Two  new  alcohols 
were  obtained:  phenylsophocarpinol  and  ethylsophocarpinol,  which  were  characterized  by  preparing  some  of 
the  salts  and  derivatives. 

2.  Ammonium  iodide  was  used  for  the  first  time  to  isolate  the  products  from  the  reaction  mixture  as 
hydriodides. 
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ALKALOIDS  OF  THE  BRANCHY  PLANTAIN  (PLANTAGO  RAMOSA, 

SYN/P'.  IND1CA-.  II 

A .  V.  Danilova 


Earlier  we  had  communicated  on  the  isolation  of  three  alkaloids  from  the  plantain- plantagonine 
(CioHiiOjNj,  indicamine  (C14H23ON)  and  indicaine  (II)  (CioH^ON)  [1].  In  this  paper  we  communicate  on  the 
functions  of  the  oxygen  atoms  in  plantagonine  and  indicaine  and  on  the  interrelationships  of  these  two  alkaloids. 

The  work  was  done  with  the  plantain  that  had  been  extracted  from  the  seeds  of  the  Caucasian  plant  at  the 
Chimkent  Experimental  Station  of  VILAR;*  here  it  was  established  that  the  plantain,  collected  in  the  rosette 
stage,  contains  only  0.02%  total  alkaloids,  from  which  individual  substances  could  not  be  isolated.  The  plantain, 
collected  in  the  flowering  stage,  contains  about  0.2%  total  alkaloid  bases.  The  purification  and  separation  of 
this  mixture  revealed  that  it  is  mainly  composed  of  resinous  substances  and  the  alkaloid  indicaine. 

Indicaine  fails  to  form  a  nitroso  derivative  with  sodium  nitrite  solution,  which  indicates  the  tertiary  nature 
of  the  nitrogen.  When  oxidized  with  either  nitric  acid  or  silver  oxide  the  indicaine  is  converted  to  plantagonine. 
With  ammoniacal  silver  solution  it  forms  a  silver  mirror.  With  an  alcoholic  solution  of  2,4-dinitrophenylhydra- 
zine  hydrochloride  it  gives  the  2,4-dinitrophenylhydrazone  (hydrochloride).  On  the  basis  of  this  information  it 
was  concluded  that  indicaine  is  an  amino  aldehyde.  When  indicaine  is  reduced  with  PtOj  it  adds  1  mole  of 
hydrogen,  forming  an  amino  alcohol,  which  was  characterized  as  the  oxalate  and  as  the  picrate.  ftoceeding 
from  the  observations  that  plantagonine  dissolves  in  organic  solvents  at  pH  6,  and  also  from  the  fact  that  it 
dissolves  in  sodium  bicarbonate  solution  with  the  evolution  of  CO2,  we  postulated  that  it  is  an  amino  acid.  This 
was  confirmed  by  obtaining  the  ethyl  ester  of  plantagonine. 

Establishing  the  function  of  the  oxygen  atoms  in  plantagonine  and  indicaine  indicates  the  interrelationship 
of  these  two  alkaloids 

EXPERIMENTAL 

1.  Extraction  of  Alkaloids  From  the  Plantain  in  the  Flowering  Stage.  The  finely  pulverized  plant 
(15  kg)  v/as  moistened  with  lOT  ammonia  solution  and  the  alkaloids  were  exhaustively  extracted  with  dichlorc- 
ethanc  in  a  percolator  The  alkaloids  were  extracted  from  the  dichloroethane  with  10%  H2SO4.  The  acid  solu¬ 
tion  v/as  filtered,  treated  with  ammonia  to  pH  6,  and  the  bases  extracted  first  with  ether,  and  then  with  chloro¬ 
form.  The  ether  extract  gave  26.''.:  g  of  total  bases  while  the  chloroform  solution  gave  2.78  g.  The  total  alka- 
L<iJ  content  of  the  plant  was  0  10%.  The  alkaloids  from  the  ether  are  a  mobile  dark-brown  oil  without  a  basic 
odor  The  alkaloids  from  the  chlotofcrm  are  a  viscous  black  substance. 

2  Isolation  of  Ind.caine  From  the  Ether  Extract  of  Total  Alkaloids  in  a  Column  With  Al^j.  The  sub¬ 
stance  (0.3  g)  was  dissolved  in  ether,  filtered  to  remove  a  small  amount  of  flocculent  residue,  and  passed  through 
a  column  containing  7  g  of  AI2O3.  Ether  was  used  for  the  elution,  collecting  10  ml  fractions.  A  total  of  6 
fractions  was  collected,  and  the  total  weight  of  eluted  substance  was  0.29  g.  Not  one  of  the  fractions  gave  a 
crystalline  substance.  Each  fraction  was  dissolved  in  alcohol  and  mixed  with  a  saturated  alcohol  solution  of 
picric  acid.  Only  the  1st  and  2nd  fractions  gave  a  picrate  as  precipitate,  a  total  of  0.2  g.  After  2  recrystal¬ 
lizations  from  acetone  the  picrate  melted  at  152-153*,  weight  0.08  g  (indicaine). 

Then  we  obtained  the  picrate  without  prior  purification  of  the  total  alkaloids  in  the  column,  for  which 
26  g  of  total  bases  was  dissolved  in  ethyl  acetate  and  filtered.  The  solution  was  treated  with  a  saturated  ethyl 
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acetate  solution  of  picric  acid.  The  resulting  picrate  was  separated  from  the  liquid,  washed  with  ethyl  acetate, 
and  dried.  Weight  of  picrate  16.2  g,  m.p.  127-129*.  After  4  recrystallizations  from  acetone,  m.p.  151-152*, 
weight  6.25  g. 

3.  Isolation  of  the  Base  irom  Indicaine  Picrate.  A  mixture  of  3.16  g  of  indicaine  picrate  a.nd  15  ml  of 
IT'JcHCl  was  extracted  with  ether  to  remove  the  picric  acid.  The  acid  solution  was  made  alkaline  with  20*7 
NH4OH  to  pH  7  and  then  extracted  with  ether.  The  ether  solution  gave  1.19  g  of  indicaine  as  a  mobile  yellow 
liquid. 

4  Catalytic  Reduction  of  Indicaine  (Dihydroindicaine).  A  solution  of  1  g  of  indicaine  in  15  ml  of 
alcohol  was  treated  with  0.1  g  of  Pt02  and  then  reduced  with  hydrogen  at  atmospheric  pressure.  The  amount 
of  hydrogen  absorbed  in  3  hours  was  160  ml  (1  mole).  The  catalyst  was  filtered  and  the  alcohol  was  vacuum- 
distilled;  the  dihydroindicaine  was  dried  to  constant  weight  in  a  vacuum- de'siccator.  A  viscous  colorless  oil 
was  obtained,  readily  soluble  in  alcohol,  but  failing  to  decolorize  a  sulfuric  acid  solution  of  potassium  per¬ 
manganate. 

Oxalate.  A  solution  of  the  base  in  alcohol  was  treated  with  an  alcohol  solution  of  oxalic  acid.  After  2 
recrystallizations  from  alcohol  the  crystalline  oxalate;  method  at  120.5-121,5*. 

Found  f :  C  63.54;  H  6.50;  N  6.79.  (CioHi30N)2‘  C2H2O4.  Calculated  <7;  C  63.46;  H  6.73;  N  6.73. 

The  Picrate  was  obtained  by  mixing  alcohol  solutions  of  the  base  and  picric  acid.  After  3  recrystalliza¬ 
tions  from  alcohol,  m.p.  147-148*. 

Found  t:  C  49  15;  H  4  01;  N  14.18.  CioHiPN  C5HP7N,.  Calculated  -T:  C  48.96;  H  4.08;  N  14.28. 

5.  Oxidation  of  Indicaine  With  Silver  Oxide  to  Plantagonine.  1.4  g  of  indicaine  was  added  to  an  ammonia- 
cal  solution  of  silver  oxide  prepared  from  6  g  of  AgNOs.  The  mixture  was  heated  under  reflux  on  the  water 

bath  for  1  hour;  a  silver  mirror  formed  on  the  sides  of  the  flask.  The  ammoniacal  solution  was  filtered  and 
acidified  with  20*7©  H2SO4  to  pH  6;  here  a  precipitate  separated.  The  liquid  was  suction- filtered,  and  the  pre¬ 
cipitate  was  washed  with  water  and  dried,  weight  1  2  g  The  substance  fails  to  show  a  sharp  melting  point,  is 
insoluble  in  water  and  organic  solvents,  and  gives  a  positive  test  for  silver;  it  apparently  is  the  silver  salt  of 
an  amino  acid.  It  was  suspended  in  50  ml  of  water,  the  mixture  heated  to  the  boil,  and  then  treated  with  a 
stream  of  hydrogen  sulfide.  The  silver  sulfide  precipitate  was  separated  and  washed  with  water.  Extraction  of 
the  filtrate  with  ether  gave  0.25  g  of  crystalline  substance  with  m.p.  221-222*,  failing  to  show  a  melting  point 
depression  when  mixed  with  plantagonine. 

6.  Oxidation  of  Indicaine  With  Nitric  Acid  (Plantagonine  Nitrate).  A  mixture  of  1.54  g  of  indicaine  and 
15  ml  of  nitric  acid  (d  1  18)  was  heated  for  1  hour  under  reflux  on  the  boiling  water  bath.  The  mixture  was 
cooled,  transferred  to  a  separatory  funnel,  and  the  acid  solution  shaken  with  ether;  here  a  precipitate  was  ob¬ 
tained,  weight  0.78  g,  m.p.  142-143*.  After  3  recrystallizations  from  anhydrous  alcohol,  weight  0.33  g,  m.p. 
147-148* 

Found  C  50.26;  H  5.00;  N  11.31.  CjoHiiOjN-  HNOj.  Calculated  C  50.00;  H  5.00;  N  11.66. 

Decomposition  of  Plantagonine  Nitrate  A  solution  of  0.25  g  of  the  nitrate  in  1  ml  of  water  was  treated 
dropwise  with  a  10*7©  NHs  solution  rrf  pH  6.  and  the  base  was  extracted  with  ether.  Removal  of  the  ether  by 
distillation  gave  0.08  g  of  planragonine  with  m.p.  218-219*  The  acid  aqueous  solution  was  made  alkaline  with 
ammonia  and  extracted  with  ether  Removal  of  the  ether  by  distillation  gave  0.053  g  of  liquid,  being  un¬ 
changed  indicaine  (based  on  the  melting  point  of  the  picrate  and  the  formation  of  a  silver  solution).  The 
aqueous  solution  was  neutralized  to  pH  7  condensed  to  a  volume  of  2  ml,  and  extracted  with  ether.  Removal 
of  the  ether  by  distillation  gave  0  02  g  of  substance  with  m.p  217-218*,  failing  to  show  a  melting  point  de¬ 
pression  when  mixed  with  plantagonine. 

7  Ethyl  Ester  of  Plantagonine  A  mixture  of  0.35  g  of  plantagonine  and  10  ml  of  an  alcoholic  hydro¬ 
chloric  acid  solution  (15‘7()  was  heated  under  reflux  for  1  hour.  The  mixture  was  poured  into  water,  neutralized 
with  sodium  bicarbonate,  and  extracted  with  ether.  From  the  ether  was  obtained  0.38  g  of  noncrystalline  sub¬ 
stance.  Vacuum- distillation  (0.5  mm)  with  heating  on  the  boiling  water  bath  gave  a  colorless  substance  with 
m.p.  43-45*  [a]D  +  29.4*  (c  =  4;  alcohol) 
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Found  C  70.12;  H  7.21;  N  6.79.  CijHisOjN.  Calculated  <7^:  C  70.24;  H  7.31;  N  6.83. 

SUMMARY 

1.  It  was  established  that  plantagonine  is  an  amino  acid.  The  ethyl  ester  of  plantagonine  was  prepared. 

2.  It  was  established  that  indicaine  is  an  amino  aldehyde.  Reduction  of  indicaine  in  the  presence  of 
platinum  oxide  gives  an  amino  alcohol  (dihydroindicaine) ,  which  was  characterized  as  the  picrate  and  as  the 
oxalate. 

3.  The  oxidation  of  indicaine  with  either  silver  oxide  or  nitric  acid  yields  plantagonine.  In  this  way 
the  interrelationship  between  the  two  alkaloids  of  the  plantain- plantagonine  and  indicaine- was  established. 
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1 .2-NAPHTHO-(3*,4’)-FUROXAN  SERIES 


VI.  THE  BISULFITE  COMPOUND  OF  6-NITRO-l,2-NAPHTHO-(3',4’)-FUROXAN 

AND  ITS  DERIVATIVES 

S.  V.  Bogdanov  and  N.  I.  Zilberman 


It  has  been  mentioned  earlier  [1]  that  the  nitration  of  the  bisulfite  compound  of  l,2-naphtho-(3*,4*)-furazan 
leads  to  the  bisulfite  compound  of  6-nitro-l,2-naphtho(3',4')-furazan.  It  also  seemed  of  interest  to  elucidate 
the  possibility  of  nitrating  the  bisulfite  compound  of  1 .2-naphtho-(3*.4')-furoxan..  According  to  the  data  of  Green 
and  Rowe  [2]  the  nitration  of  1 ,2-naphtho-(3’,4')-furoxan  itself  even  with  an  equimolar  amount  of  nitric  acid  gives 
only  4-(or  3-),  5-(or  8-)-dinitronaphthofuroxan. 

Experiment  revealed  that  the  potassium  salt  of  the  naphthofuroxan  bisulfite  compound,  when  treated  with 
a  mixture  of  nitric  and  sulfuric  acids  at  from -2  to -4*.  is  also  transformed  into  a  nitration  product,  from  which 
the  potassium  salt  of  the  6-nitro-l ,2-naphtho*(3',4')-furoxan  bisulfite  compound  (I)  was  isolated  in  66-70%  yield. 
The  similarity  in  the  direction  of  substitution  when  the  bisulfite  compounds  of  naphtofurazan  and  naphthofuroxan 
are  nitrated  indicates  the  analogy  in  the  structure  of  the  hydrocarbon  rings  of  these  substances. 

In  its  properties  the  nitro  derivative  of  the  naphthofuroxan  bisulfite  compound  closely  resembles  the  bisulfite 
compounds  of  naphthofuroxan  [3]  and  naphthofuroxan- 6- sulfonic  acid  [4].  Under  short  treatment  with  1%  potash 
solution  it  is  transformed  into  a  mixture  of  products,  from  which  2,6-dinitro-l-naphthylamine-4-sulfonic  acid 
(II)  and  6-nitro-l, 2-naphtho-(3*,4')-furazan-4-sulfonic  acid  were  isolated.  Here  the  yield  of  amino  compound  is 
only  32.7%  (in  the  case  of  the  naphthofuroxan  bisulfite  compound  it  reached  85%).  Treatment  of  the  bisulfite 
compound  with  potassium  hydroxide  at  5-20*  gives  6-nitro-l, 2-naphthoquinone-4-sulfonic  acid  dioxime  (III)  in 
54%  yield: 
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The  boiling  of  2,6-dinitro-l-naphthylamine-4-sulfonic  acid  (II)  with  13%  potash  solution  converts  it  into 
2,6-dinitro-l-naphthol-4-sulfonic  acid.  The  latter  is  transformed  into  2,4,6-trinitro-l-naphthol  when  heated 
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with  dilute  nitric  acid.  The  heating  of  the  dinitroiiaphthylaininesulfonic  acid  (II)  with  40*70  sulfuric  acid  leads  to 
2,6-dinitro-l-iiaphthylaniine.  Even  in  acid  medium  the  diazo  compounds  from  2,6-dinitro-l-naphthylamine-4- 
sulfonic  acid  (II)  and  from  2.6-dinitro- 1-naphthylamine  are, respectively, converted  into  6-nitro-l-diazo-2-naph- 
thol- 4- sulfonic  acid  and  6-nitro-l-diazo-2-naplitliol  G-Nitro- 1 ,2-naphthoqninone-4-sulfonlc  acid  dioxime  (III) 
under  further  treatment  with  potassium  hydroxide  is  converted  into  6-nitro-l,2-naphtho-(3*,4’)-furazan-4-sulfonic 
acid  (IV).  and  when  oxidized  witli  nitric  acid-  into  6-nitro-l  ,2-naplitho-(3*,4')-furoxan-4-sulfonic  acid  (V).  (A 
symmetrical  structure  for  the  fnroxan  ring  was  tentatively  assumed  in  the  formula).  The  treatment  of  6-nitro-l, 2- 
naphthofnrazan-4-sulfonic  acid  (IV)  with  potassium  hypochlorite  and  hydrocliloric  acid  converts  it  into  4-cliIoro- 
6-nitro- 1 ,2-naphthofnrazan. 
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The  structure  of  2,6-dinitro-l-naphthylamine-4- sulfonic  acid  (II)  was  established  by  two  routes:  a)  its 
transformation  through  2, 6-dinitro- 1-naphthylamine  and  6-nitro-l-diazo-2-naphthol  into  6-nitro-2-naphthol. 
and  b)  its  conversion  into  6- nitro-1- diazo- 2- naphthol- 4- sulfonic  acid,  removal  of  the  diazo  group,  reduction  of 
the  nitro  group,  and  cleavage  of  the  sulfo  group  with  transformation  of  the  obtained  6- amino- 2- naphthol  into 
the  dibenzoyl  derivative.  The  second  route  was  used  by  Ruggli  and  coworkers  [5]  to  prove  the  structure  of  the 
nitration  product  of  l-diazo-2-naphthol-4-sulfonic  acid.  The  transformation  of  the  nitronaphthofuroxan  bisulfite 
compound  (I)  into  2, 6-dinitro- l-naphthylamine-4-sulfonic  acid  (II)  shows  that  the  oxygen  atom,  not  being  common 
to  the  nitrogen  atoms  in  the  furoxan  ring  of  the  bisulfite  compound,  is  found  at  the  nitrogen  linked  with  the  second 
carbon  atom  of  the  naphthalene  nucleus. 

The  position  of  the  sulfo  group  in  6- nitro- l,2-naphthofurazan-4- sulfonic  acid  (II),  and  consequently,  also 
in  6-nitro-l ,2- naphthoquinone- 4- sulfonic  acid  dioxime  (III), was  made  exact  by  reducing  the  nitrofurazansulfonic 
acid  to  the  aminonaphthofurazansulfonic  acid,  removal  of  the  amino  group  and  conversion  of  the  obtained  naphtho- 
furazansulfonic  acid  into  4-chloro-l,2-naphthofurazan. 

EXPERIMENTA  L 

6-Nitro-l,2-naphthofuroxan  Bisulfite  Compound  (I).  A  solution  of  15.3  g  of  the  potassium  salt  of  the  naphtho- 
furoxan  bisulfite  compound,  dried  at  125*,  in  94  ml  of  HJSO4  (monohydrate)  was  treated  at -2*  in  1  hour  with  a 
mixture  of  3.32  g  of  97.68%  nitric  acid  and  20  ml  of  H2SO4.  The  mass  was  stirred  at -2*  to -4*  for  2  hours,  diluted 
with  280  g  of  ice,  and  allowed  to  stand  for  12-14  hours. 

The  obtained  potassium  salt  of  the  nitronaphthofuroxan  bisulfite  compound  was  filtered,  washed  with  potas¬ 
sium  acetate  solution,  then  with  alcohol,  and  recrystallized  from  6  parts  of  water;  yield  11.4-12.3  g.  i.e.,  65-70%). 

The  potassium  salt  appeared  elongated  colorless  prisms,  quite  difficultly  soluble  in  cold  water;  it  does  not  lose  ' 

weight  at  150*. 

Found  %:  C  33.78;  H  1.78;  N  11.44;  K  11.10.  CjoH^TNaSK.  Calculated  %::  C  34.18;  H  1.72;  N  11.96;  K  11.13. 

2, 6- Dinitro- 1-naphthylamine- 4- sulfonic  Acid  (II).  To  500  ml  of  a  boiling  l%e  potash  solution  was  added  in 
2  minutes  a  50%  water  paste  of  17.5  g  of  the  potassium  salt  of  the  nitronaphthofuroxan  bisulfite  compound,  and  the 
mixture  was  boiled  for  2  minutes.  The  resulting  suspension  was  quickly  cooled  to  18*  and  the  precipitate,  consist¬ 
ing  of  orange  rhombic  plates  yellow  needles  and  yellow  lanceolate  plates,  was  filtered;  the  precipitate  weighed 
11.25  g.  Treatment  of  the  precipitate  with  14  parts  of  boiling  water  gave  1.4  g  of  insoluble  residue.  It  represented 
yellow  needles,  very  difficultly  soluble  in  hot  water  and  in  organic  solvents.  The  substance  contained  both  nitrogen 
and  sulfur,  and  did  not  melt;  it  was  not  studied  further.  The  filtrate  was  cooled  to  40*,  the  resulting  potassium  salt 
of  the  dinitronaphthylaminesulfonic  acid  was  filtered,  and  then  recrystallized  from  water;  yield  6.05  g  (32.7%)). 

The  filtrate  from  the  potassium  salt  of  the  dinitronaphthylaminesulfonic  acid  (and  also  the  partially  evaporated 
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filtrate  from  its  recrystallization)  gave  the  potassium  salt  of  6-nitro-l  ,2-naphthofurazan-4-sulfonic  acid;  the 
total  yield  of  this  substance  after  recrystallization  from  water  was  3.6  g  (,20^.). 

The  potassium  salt  of  the  dinitronaphthylaminesulfonic  acid  was  obtained  as  stout  orange  prisms  with  a 
rhombic  base,  quite  difficultly  soluble  in  cold  water;  after  drying  it  assumes  a  red  color. 

Found  :  Hfi  4.92  (dried  at  130*);  K  10.55;  N  11.98  (in  dry  substance).  CioH^7N3SK-  H2O.  Calculated  ^ : 

HjO  4.88;  K  10.59.  CioH^yNgSK.  Calculated  <y(:  N  11.96. 

0,N- Dibenzoyl- 6- amino- 2- naphthol.  A  suspension  of  7.2  g  of  the  potassium  salt  of  the  dinitronaphthyl¬ 
aminesulfonic  acid  in  40  ml  of  c.p.  sulfuric  acid  was  treated  at  2-5*  with  a  solution  of  1.63  g  of  sodium  nitrite 
in  20  ml  of  sulfuiic  acid,  and  the  mixture  was  kept  for  4  hours  at  5-8*.  The  obtained  diazo  solution  gave  a 
red- violet  color  with  2-naphthol-3,6-disulfonic  acid,  and  a  brown  color  with  resorcinol.  The  addition  of  200  g 
of  ice  to  the  sulfuric  acid  solution  gave  a  precipitate  of  6-nitro-l-diazo-2-naphtho!-4-sulfonic  acid,  failing 
to  couple  with  2-naphthol-3,6-disulfonic  acid,  and  giving  a  deep  violet  color  with  resorcinol.  The  filtered 
diazo  compound  was  reprecipitated  from  soda  solution;  yield  5.6  g.  The  further  stages  of  obtaining  the  dibenzoyl 
derivative  of  6-amino-2-naphthol  were  accomplished  by  the  methods  described  by  Ruggli  and  coworkers  [5]. 
Colorless  plates  (from  acetic  acid);  m.p.  233.5*.  From  the  data  of  Ruggli  and  coworkers,  m.p.  228-230*. 

Found  N  3.78  (  Kjeldahl).  C24HiP3N.  Calculated  %:  N  3.81. 

2.6- Dinitto-l-napht.hvlamine  and  6-Nitro-2-naphthol.  One  gram  of  the  potassium  salt  of  the  dinitronaph- 
thylaminesuJfonic  acid  was  heated  with  30  ml  of  40%  sulfuric  acid  at  110*  for  3.5  ho'irs.  The  mixture  was  diluted 
with  water,  and  the  dinitronaphthylamine  was  filtered  and  washed  with  water  and  ammonia;  yield  0,56  g.  Red- 
orange  tetrahedral  prisms  (from  acetic  acid),  readily  soluble  in  ether  and  difficultly  soluble  in  alcohol  and 
acetic  acid;  m.p.  300,2*  (decompn.). 

Found  %:  N  18.19.  C10HP4N3.  Calculated  %;  N  18.02. 

A  solution  of  1.16  g  of  the  dinitronaphthylamine  in  20  ml  of  c.p.  sulfuric  acid  was  treated  at  2-5*  with  a 
solution  of  0.416  g  of  sodium  nitrite  in  5  ml  of  sulfuric  acid,  the  mixture  kept  at  2-4*  for  4  hours,  and  then 
diluted  with  100  g  of  ice.  Originally  the  diazo  compound  gave  an  orange-red  color  with  2-naphthol-3,6-di- 
sulfonic  acid,  and  a  brown  color  with  resorcinol,  but  after  diluting  the  solution  with  ice  it  coupled  only  with 
resorcinol  with  the  formation  of  a  violet  dye.  The  precipitated  6-nitro-l-diazo-2-naphthol  was  filtered  and 
washed  with  water.  The  solution  of  the  moist  diazo  compound  in  25  ml  of  alcohol  was  treated  with  0.1  g  of 
cuprous  oxide,  and  the  mixture  was  boiled  for  18  hours.  After  separating  the  copper  the  alcohol  was  distilled 
off,  and  the  residue  was  extracted  with  boiling  water.  Pale- yellow  prisms  of  6-nitro-2-naphthol  with  m.p. 
158.2-159*  deposited  from  the  aqueous  solution;  from  the  literature,  m.p.  158*  [6]. 

2.6- Din)tr )- 1- naphthol- 4- sulfonic  Acid.  A  suspension  of  3.15  g  of  the  potassium  salt  of  the  dinitronaph¬ 
thylaminesulfonic  acid  in  30  ml  of  a  13.2%  potash  solution  was  boiled  for  2  hours.  The  solution  was  diluted 
somewhat  with  water,  and  the  monopotassium  salt  of  the  dinitronaphtholsulfonic  acid  precipitated  by  acidifica¬ 
tion  with  hydrochloric  acid;  yield  3.15  g.  Elongated  tetrahedral  yellow  prisms,  quite  difficultly  soluble  in  hot 
water  (dipotassium  salt— red  needles). 

Found  %:  Hp  6.76  (dried  at  130*);  N  8.02;  K  11.03,  CioH508N2SK*  1.5  Hp.  Calculated  %;  Hp  7.13, 
.CioHsOgNpK.  Calculated  %:  N  7.95;  K  11.10. 

2.4.6- Trinitto-l-naphthol.  To  a  suspension  of  1.89  g  of  the  potassium  salt  of  the  dinitronaphtholsulfonic 
acid  in  45  ml  of  water  was  added  4.5  ml  of  56.2%  nitric  acid,  and  the  mixture  was  brought  up  to  the  boil  in 
30  minutes.  After  cooling, the  trinitronaphthol  was  filtered;  yield  1.15  g.  Broad  yellow  needles  (from  aqueous 
alcohol),  difficultly  soluble  in  water  and  readily  soluble  in  alcohol  and  acetic  acid;  m.p.  157*  (decompn.). 
Sodium  salt- yellow  needles,  potassium  salt- orange- yellow  needles;  both  salts  are  difficultly  soluble  in  cold 
water. 


Found  %:  N  15.28.  CjoHPtNs.  Calculated  %:  N  15.05. 

6-Nitro-l  ,2-naphtboquinone-4-sulfonic  Acid  Dioxime  (III).  Cbtained  in  the  same  manner  as  1,2-naph¬ 
thoquinone- 4- sulfonic  acid  dioxime  [3].  The  yield  of  pure  substance  from  8.78  g  of  the  potassium  salt  of  the 
nitronaphthofuroxan  bisulfite  compound  was  5.5  g  (54.2%).  The  potassium  salt  was  obtained  as  elongated  hexa¬ 
gonal  pale-yellow  prisms,  quite  difficultly  soluble  in  cold  water.  With  ferrous  sulfate  the  water  solution  is 
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colored  a  deep  dull-violet  color.  When  boiled  with  I'^'c  hydrochloric  acid  a  red-brown  solution  is  formed,  which 
after  adding  sodium  acetate  and  ferrous  sulfate  assumes  a  green  color,  which  indicates  the  presence  of  an  o- 
nitrosonaphthol  derivative.  The  substance  isolated  from  the  acid  solution  fails  to  give  this  reaction,  and  apparent¬ 
ly  is  the  potassium  salt  of  6-nitro-l, 2- naphthofurazan- 4- sulfonic  acid  (colorless  prisms;  found  H2O  7.41; 

K  11.49  (in  the  dry  substance). 

Found  °Jo-.  C  29.66;  H  2.88;  N  10.22;  K  9.44.  CioHPjNjSK  •  SHp.  Calculated  C  29.62;  H  2.98; 

N  10.36;  K  9.64. 

6-Nitro-l,2-naphthofuroxan-4-sulfonic  acid  (V).  Obtained  in  the  same  manner  as  1 ,2-naphthofuroxan-4- 
sulfonic  acid  [3]  by  the  oxidation  of  4.24  g  of  the  potassium  salt  of  6-nitro-l, 2- naphthoquinone-4- sulfonic 
acid  dioxime  (III);  yield  of  potassium  salt  3.23  g  (81.8%).  Elongated  colorless  prisms,  quite  difficultly  soluble 
in  hot  water. 

Found  %:  HjO  7.18  (dried  atl30*);  N  12.01;  K  11.10.  CiqHPtNjSK  •  1.5  HjO.  Calculated  %:  7.18. 

CjoHPjNjSK.  Calculated  %:  N  12.03;  K  11.19. 

6-Nitro-l,2-naphthofurazan-4-sulfonic  Acid  (IV).  To  a  suspension  of  4.24  g  of  the  potassium  salt  of  the 
nitronaphthoquinonesulfonic  acid  dioxime  in  10  ml  of  water  was  added  a  solution  of  2.8  g  of  80%  potassium 
hydroxide  in  5  ml  of  water.  The  obtained  solution  was  kept  at  15*  for  1  hour  and  then  boiled  for  15  minutes. 

After  cooling,  the  potassium  salt  of  the  nitronaphthofurazansulfonic  acid  was  filtered;  yield  3.5  g  (92.5%). 
Elongated  colorless  prisms,  quite  difficultly  soluble  in  cold  water. 

Found  %:  Hp  7.48  (dried  at  120*);  N  12.57;  K  11.54.  CioHPjNjSK  •  1.5  Hp.  Calculated  H2O  7.50. 

CioHPjNsSK.  Calculated  %:  N  12.61;  K  11.73. 

The  potassium  salt  of  the  nitronaphthofurazansulfonic  acid  (IV),  formed  in  obtaining  the  dinitronaphthyl- 
aminesulfonic  acid  (II),  had  the  same  properties  and  external  appearance. 

Found  %:  Hp  7.48;  K  10.76;  N(in  dry  substance)  12.70.  CjoHPjNsSK '  1.5  Hp.  Calculated  %:  K  10.85. 

4-Chloro-6-nitro-l,2-naphthofurazan.  Obtained  in  the  same  manner  as  4- chloro- 1,2- naphthofurazan 
[7]  from  the  potassium  salt  of  the  nitronaphthofurazansulfonic  acid;  0,9  g  of  the  potassium  salt  gave  0.6  g  of 
the  chloro  derivative.  Elongated  curved  colorless  needles  (from  alcohol),  difficultly  soluble  in  alcohol;  m.p, 
166.7-167*. 

Found  %:  N  16.77;  Cl  14.40.  CioHPjNpi.  Calculated  %:  N  16.83;  Cl  14.20. 

6-Amino-l,2-naphthofurazan-4-sulfonic  Acid  and  4- Chloro- 1,2- naphthofurazan.  To  a  solution  of  1.8  g 
of  the  potassium  salt  of  the  nitronaphthofurazansulfonic  acid  in  43  ml  of  water  was  added  a  solution  of  11.0  g 
of  77%  stannous  chloride  in  16  ml  of  35%  hydrochloric  acid;  the  mixture  was  boiled  for  1  hour,  cooled,  and  the 
reduction  product  filtered;  yield  1,28  g.  The  substance  was  reprecipitated  from  a  sodium  sulfite  solution. 

Colorless  needles,  very  difficultly  soluble  in  water.  With  2-naphthol-3,6-disulfonic  acid  the  diazo  compound 
gives  an  orange- red  color,  and  with  resorcinol  it  gives  a  yellow-brown  color. 

Found  %:  Hp  11.86  (dried  at  130*);  N  15.05.  C10HP4NJS  •  2Hp.  Calculated  %;  Hp  11.96.  C10HP4N3S. 

Calculated  %:  N  15.84. 

The  diazo  compounds,  obtained  from  1.28  g  of  the  sulfonic  acid,  was  boiled  with  15  ml  of  alcohol  for 
3  hours,  and  the  alcohol  was  distilled  off.  The  residue  was  treated  with  hydrochloric  acid  and  potassium  hypo¬ 
chlorite,  and  the  chloronaphthofurazan  was  steam -distilled  and  recrystallized  from  alcohol.  Colorless  needles 
with  m.p.  93.4-94.7*;  a  mixture  of  the  substance  with  4-chloro-l,2-naphthofurazan  (with  m.p.  96-96.2*)  melted 
at  94.8-95.7*. 

SUMMARY 

1.  The  bisulfite  compound  of  1,2-naphthofuroxan,  the  same  as  the  bisulfite  compound  of  1,2- naphtho¬ 
furazan,  is  converted  to  the  6-nitro  derivative  when  nitrated  in  sulfuric  acid  solution. 

2.  When  treated  with  weak  potash  solution  the  bisulfite  compound  of  6-nitro-l  ,2- naphthofuroxan  is 
converted  to  a  mixture  of  2,6-dinitro-l-naphthylamine-4-sulfonic  acid,  6-nitro-l, 2- naphthofurazan-4-sulfonic 
acid  and  other  substances,  and  when  treated  with  potassium  hydroxide  it  is  converted  to  6-nitro-l, 2-naphtho¬ 
quinone- 4- sulfonic  acid  dioxime. 


3.  2,6-Dlnitro-l-naphthylamlne-4-suIfonic  acid,  when  heated  with  40%  sulfuric  acid  is  converted  to 
2,6-dinitro-l-naphthyIamine,  and  when  heated  with  potash  solution- to  2,6-diiiitro-l-naphthol-4-sulfonic  acid; 
the  latter  with  dilute  nitric  acid  is  converted  to  2,4,6-trlnltro-l-naphthol. 

4.  6-Nitro-l,2-naphthoquinone-4-sulfonic  acid  dioxime  when  oxidized  with  nitric  acid  is  converted  to 
6-nitro-l,2-naphthofuroxan-4-sulfonic  acid,  and  when  treated  with  potassium  hydroxide- to  6-nitro-l,2-naphtho- 
furazan-4-sulfonic  acid;  the  latter  with  potassium  hypochlorite  and  hydrochloric  acid  is  converted  to  4-chloro- 
6-nitro-l,2-naphthofurazan. 
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FATTY  AROMATIC  AMINO  ALCOHOLS 


II.  a  (p-AMINOPHENYL)-fi-ALKYLAMINOETHANOLS 
S.  I.  Sergievskaya  and  L.  E.  S ventsitskaya 


To  obtain  the  a-(p-aminophenyl)-6-alkylaniinoethanob  (P-NH2C5H4CHOHCH2NHR)  we  used  p-nitro- 
acetophenone  as  the  starting  substance;  this  ketone  was  brominated,  and  the  p-nitro-u-bromoacetophenone 
obtained  in  this  manner  was  then  reacted  with  benzylalkylamines  containing  different  alkyl  groups  (CHs,  C^Hs, 
CsH7,  iso-CjHj,  C4H9,Cj^jj>;  the  p-nitrobenzylalkylaminoacetophenones 

.CHjCeHs 


p-N02CaH4COCH,N; 


(Table  1)  obtained  in  this  manner  were  then  catalytically  reduced  to  the 


a-(p-aminophenyl)-d-alkylaminoethanols.  In  running  the  indicated  reactions  difficulties  were  encountered 
in  the  isolation  and  purification  of  the  p-nitrobenzylalkylaminoacetophenones  and  most  of  the  a -(p- amino- 
phenyl)- 6 -alkylaminoethanols.  The  reaction  between  p-nitro-w-bromoacetophenone  and  the  benzylalkylamines 
was  accompanied  by  the  formation  of  tarry  substances,  for  which  reason  the  obtained  substances— the  hydro¬ 
chlorides  of  the  p-nitrobenzylalkylaminoacetophenones-had  to  be  subjected  to  tedious  purification  (repeated 
washing  with  organic  solvents,  reprecipitation  and  recrystallization),  which  strongly  lowered  their  yields. 


Of  the  a’(p-aminophenyl)-alkylaminoethanols  (Table  2)  obtained  by  us,  only  the  hydrochloride  of 
a-(p-aminophenyl)-B-butylaminoethanol  was  obtained  in  crystalline  form  directly  from  the  solution  after 
hydrogenation  and  was  easily  purified  by  recrystallization,  while  in  the  remaining  cases,  after  hydrogenation 
of  the  hydrochlorides  of  the  p-nitrobenzylalkylaminoacetophenones  and  removal  of  the  solvent  by  distillation, 
amorphous  substances  were  isolated  from  the  reaction  mixture,  which  could  not  be  purified  except  by  recrystal¬ 
lization.  We  treated  these  substances  with  alcoholic  ammonia  solution,  and  the  amino <‘|lcoholsj!bases)  isolated 
in  this  manner  were  then  purified.  The  hydrochlorides  (Table  3)  of  the  purified  amino  alcohols  were  obtained 
in  the  usual  manner. 


EXPERIMENTAL 

p  Nitro- (j- benzylmethylaminoacetophenone  Hydrochloride.  In  a  three-necked  flask,  fitted  with  stirrer, 
thermometer  and  dropping  funnel,  was  placed  24.4  g  of  p- nitro- w-bromoacetophenone*  and  150  ml  of  anhy¬ 
drous  benzene,  mixture  was  cooled  to  15*,  and  then  with  stirring  a  solution  of  24.2  g  of  benzylmethylamine 
in  25  ml  of  anhydrous  benzene  was  gradually  added  at  such  a  rate  that  the  temperature  of  the  reaction  mixture 
did  not  exceed  15-18*.  After  all  of  the  benzymethylamine  had  been  added  the  stirring  was  continued  for 
another  3  hours.  The  benzene  solution  of  the  p-nitro-cj- benzylmethylaminoacetophenone  was  filtered  from 
the  benzylmethylamine  hydrobromide  precipitate;  yield  18.5  g  (92.04*7o).  The  benzene  was  vacuum-distilled 
from  the  filtrate  on  the  water  bath  at  a  bath  temperature  of  40-45*,  while  the  residual  red  oil  was  dissolved  in 
anhydrous  ether,  ether  added'until  the  solution  ceased  to  turn  turbid.  The  ether  solution  was  filtered,  and  to 
it  from  a  burette  was  added  in  drops  an  ether  solution  of  hydrogen  chloride  until  it  showed  acid  to  Congo.  Wash¬ 
ing  the  precipitate  with  ether  and  then  drying  gave  31.1  g  of  substance,  which  after  washing  with  acetone  melted 
at  177*  (with  decompn.).  Yield  18.8  g.  After  recrystallization  from  alcohol,  m.p.  178.5*  (with  decompn.). 

The  hydrochloride  of  p- nitro- w- benzylmethylaminoacetophenone  was  obtained  as  slightly  tinged  crystals, 

•  Obtained  in  accord  with  the  literature  directions  [1] . 
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p  -  NHj  -  C  sHiC  HOHC  Hj  NHR 


difficultly  soluble  in  methyl  and  ethyl  alcoho' 
water,  chloroform  and  acetone,  and  insoluble 
in  ether  and  benzene. 

Found  %:  C  59.87;  H  5.24;  N  8.37. 

CtsHisNPs'HCl.  Calculated'^*:  C  59.92; 

H  5.35;  N  8.74. 

The  remaining  hydrochlorides  of  the  p- 
nitrobenzylalkylaminoacetophenoncs  were  ob¬ 
tained  in  the  same  manner  a.s  the  liydrochloiide 
of  p-nitrobenzylmetliylaminoacetopl)enone: 
some  data  on  these  compounds  are  to  be  found 
in  Table  1. 

fl-(p- Amiiioplienyl)-B-nietliylaiiiiiioetlianol. 
In  a  hydrogenation  bottle  was  pJ.iced  8  g  of  p- 
nitro-cj-benzylmethylaminoacefophenone  liydro- 
chloride,  100  ml  of  ethyl  alcohol  and  a  solution 
of  0.8  g  of  palladium  chloride  in  3  ml  of  water 
and  1.2  ml  of  concentrated  hydrtx  hloric  acid. 

On  shaking  in  a  hydrogen  atmospliere  at  30-.35* 
for  1  hour  the  hydrogen  absorption  was  3.2  liters 
(21*.  753  mm)  (theoretical  amount  of  hydrogen 
under  the  given  conditions  3.21  liters).  On  term¬ 
ination  of  hydrogen  absorption  the  catalyst  was 
separated  from  the  reaction  mass,  tlie  ethyl  al¬ 
cohol,  water  and  toluene*  removed  by  vacuum- 
distillation  on  the  water  bath,  the  residual  oil 
freed  from  moisture  traces  by  a  3- fold  treatment 
with  anhydrous  ethyl  alcohol  and  subsequent 
removal  of  the  alcohol  after  each  treatment,  and 
then  it  was  dissolved  in  anhydrous  ethyl  alcohol 
and  the  solution  was  saturated  with  ammonia  gas. 
Ether  was  added  to  the  reaction  mass  to  completely 
precipitate  the  ammonium  chloride,  after  which 
the  ammonium  chloride  was  filtered,  the  alcohol 
and  ether  removed  from  the  filtrate  by  distilla¬ 
tion,  and  the  residual  oil  (4,65  g)  rubbed  in  a 

•  In  other  experiments  the  oil  remaining  after 
distilling  off  the  indicated  solvents  was  rubbed 
with  small  amounts  of  anhydrous  ethyl  alcohol 
until  a  crystalline  substance  separated;  this  sub¬ 
stance  was  dissolved  in  alcohol,  and  dry  ether 
was  added  to  the  alcohol  solution.  The  substance 
that  precipitated  here  melted  at  218*.  This  sub¬ 
stance  was  dissolved  in  alcohol,  and  the  alcohol 
solution  was  saturated  with  ammonia  gas.  After 
distilling  off  the  alcohol  the  residue  was  vacuum- 
distilled.  The  substance  distilled  at  0,5  mm  in  a 
wide  temperature  interval(127- 153*).  When  the 
distilled  substance  was  treated  with  ether  a  very 
small  amount  of  ether-soluble  crystalline  substance 
withm.p.  116-119*  was  isolated;  after  recrystal¬ 
lization  from  alcohol,  m.p.  124*.  The  elementary 
analysis  data  corresponded  to  the  composition  of 
a  -(aminophenyl)-  6  -  methylaminoethanol. 
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small  amount  of  ether  with  some  seed  crystals  of  a-(p-amiiiopl)enyI)-fl-methylaminoethanol,  obtained  by  a  dif¬ 
ferent  technique.  •  Tlie  yield  of  substance  with  m.p.  1 18-120*  was  3  g  (72.2  %).  After  recrystallization  from  ethyl 
alcohol,  m.p.  124-124.5*.  a-(p-Aminoplienyl)-6-methylaminocthanol  was  obtained  as  colorless  crystals,  soluble 
in  ethyl  and  metliyl  alcoliols,  difficultly  soluble  in  ether,  acetone  and  water,  and  insoluble  in  benzene. 

Found  C  65.31;  H  8.21;  N  16.46.  C9n,4N20.  Calculated  '^o:  C  65.03;  H  8.48;  N  16.84. 

a-(p- Aminopheiiyl)-fl-niethylaminoethanol  Uihydrochloride.  A  solution  of  0.2  g  of  a-(p-aininoplienyl)- 
fl-methylaminoethanol  in  5  ml  of  anhydrous  ethyl  alcohol  was  treated  with  an  ether  solution  of  hydrogen  chloride 
to  give  the  hydrochloride,  which  separated  as  a  colorless  amorphous  precipitate.  Decomposition  point  ~  130*. 

Founder:  N  11 .91 ;  Cl  29.46,  C9H19N2  *  2HC1.  Calculated'’/;  N  11.71;  Cl  29.65. 

a-(p- Aminopheuyl)-B- (11- butyl)- aminoethanol.  Wlien  a  solution  of  7.5  g  of  p-nitro-cj-benzyl-(n-butyl)- 
aminoacctophenone  hydrochloride  in  75  ml  of  ethyl  alcohol  was  shaken  in  a  hydrogen  atmosphere  in  the  presence 
of  0.7  g  of  palladium  chloride,  previously  dissolved  in  3  ml  of  water  and  0.75  ml  of  concentrated  hydrochloric 
acid,  at  30-35*  for  1  hour  and  16  minutes  the  hydrogen  absorption  was  2.55  liters  (16*,  764  mm),  after  which  the 
hydrogen  absorption  ceased  (theoretical  amount  of  hydrogen  under  the  given  conditions  2.59  liters).  The  catalyst 
was  separated  from  tlic  reaction  mass,  and  the  alcohol,  water  and  toluene  were  removed  by  vacuum-distillation 
on  the  water  bath;  moisture  traces  were  removed  by  a  3- fold  treatment  with  anhydrous  ethyl  alcohol  with  removal 
of  the  alcohol  after  each  treatment.  The  obtained  crystals  were  washed  with  anhydrous  ethyl  alcohol.  The  yield 


TABLE  3 

p- NHj -C  JH4C  none  1^  NHR  •  21 1C  1 


Calculated  fin'll)! 

Found  (in  °]o) 

R 

c 

H 

N 

c 

H 

N 

CH3 . 

45.29 

6.74 

11.71 

45.45 

6.65 

11.91 

C2H5 . 

CH(CH3)2 . 

49.44 

7.54 

11.06 

10.48 

49.53 

7.56 

11.15 

10.30 

CH2CH2CH2CH3 . 

51.25 

7.89 

9.96 

51.66 

7.76 

10.02 

CH2CH2CH,CH2CH3 . 

52.88 

8.19 

9.49 

52.85 

8.18 

9.33 

of  colorless  crystals  with  m.p.  135-137*  was  4.9  g(84.4<yo).  The  uihydrochloride  of  a-(p-aminophenyl)-6-(n-butyl)- 
aminoethanol  is  readily  soluble  in  water,  difficultly  soluble  in  ethyl  alcohol,  and  insoluble  in  ether,  benzene  and 
acetone. 

Found  C  51.66;  H  7.76;  N  10.02.  CizHjoNjO;  2HC1.  Calculated  C  51.25;  H  7.89;  N  9.96. 

A  solution  of  2.3  g  of  a-(p-aminophenyl)-6 -(n-butyl)-aminoethanol  in  2.3  ml  of  water  was  treated  with 
ammonia  gas  to  give  a  crystalline  precipitate  on  cooling.  The  precipitate  was  washed  with  water  and  dried.  The 
yield  of  substance  with  m.p.  83-85*  was  1.4  g  (82.4 ‘7().  After  recrystallization  from  ethyl  alcohol,  m.p.  89- ‘90*. 
o-(p-Aminophenyl)-6-(n-butyl)-aminoethanol  was  obtained  as  colorless  crystals,  soluble  in  ethyl  alcohol,  difficultly 
soluble  in  water,  acetone  and  ether,  and  insoluble  in  benzene. 

Found  °},:  C  69.37;  H  9.56;  N  13.31.  CijHzoONj.  Calculated  'f:  C  69.19;  H  9.68;  N  13.45. 

The  remaining  a-(p-aminophenyl)-0-alkylaminoethanols  and  their  dihydrochlorides  prepared  by  us  were 
obtained  in  exactly  the  same  manner  as  the  a-(p-aminophenyl)-8-methylaminoethanol  and  its  dihydrochloride. 

The  a -(p-aminophenyl)-0 -alkylaminoethanols  and  the  corresponding  dihydrochlorides  that  we  prepared  are  briefly 
described  in  Tables  2  and  3. 

SUMMARY 

1.  The  hydrochlorides  of  the  p-nitrobenzylalkylaminoacetophenones  with  alkyl  groups  from  CH3  to  CsHjj 
were  prepared. 

2.  The  a -(p-aminophenyl)- alkylaminoethanols  with  alkyl  groups  from  CH3  to  C5H11,  and  also  their  hydro¬ 
chlorides,  were  prepared. 

*  See  footnote,  preceding  page. 
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jJi3C12Vl02-: 

THE  NOMENCLATURE  OF  COMPOUNDS  OBTAINED  BY  TREATING 
CARBOXYLIC  ACID  AMIDES  WITH  PHOSPHORUS  PE  NT  A  C  H  LO  RI  D  E 

A.  V.  Kirsanov 


For  the  compounds  obtained  in  treating  the  amides  of  carboxylic  acids  with  phosphorus  pentachloride. 
and  having,  as  it  were,  the  structures  RCCljNHj  and  RCC1=NH,  Wallach  in  1884  [1]  proposed  the  names  "amide 
chloride"  and  "imide  chlorides",  which  after  this  became  firmly  established  in  the  chemical  literature.  In  the 
meanwhile,  in  1931  Hantzsch  [2]  showed  that  the  reaction  of  hydrogen  halides  with  nitriles  gave  not  compounds 
of  structures  RCHal2NH2  and  RCHal  =  NH,  but  nitrilium  salts  of  structures  (RC  =  NH)‘*'Ci  "  and  [(RC  =  NH)^cr]HCl. 
In  addition,  Hantzsch  rigidily  proved  that  the  hydrochloride  salts,  obtained  from  nitriles  and  hydrogen  chloride, 
are  identical  with  the  substances  formed  in  the  treatment  of  carboxylic  acid  amides  with  phosphorus  pentachloride. 
As  a  result,  there  is  no  doubt  but  that  the  "amide  chlorides of  Gautier,  Gerhardt  and  Wallach  are  actually  nitril¬ 
ium  salts,  while  the  ’'imide  chlorides"  of  the  RCCi=NH  type  have  not  been  obtained  up  to  now  and,  in  general, 
are  probably  incapable  of  existence. 

Recently  [3]  a  mechanism  was  elucidated  for  the  reaction  of  phosphorus  pentachloride  with  carboxylic 
acid  amides.  Hydrogen  chloride  and  trichlorophosphazoacyls  are  obtained  in  this  reaction,  while  the  nitrilium 
salts  appear  as  the  products  of  secondary  reactions-  rite  thermal  cleavage  of  the  trichlorophosphazoacyls  into 
phosphorus  oxychloride  and  nitriles,  and  subsequent  reaction  of  the  nitriles  with  hydrogen  chloride.  As  a  result, 
neither  ’  amide  chlorides  "  nor  "imide  chlorides"  are  formed  in  the  reaction  of  phosphorus  pentachloride  with  carbo 
xylic  acid  amides.  Nevertheless,  old  inaccurate  data  is  still  being  presented  in  contemporary  textbooks  [4]  and 
the  use  of  these  terms  is  retained. 


It  might  be  postulated  that  the  'amide  chlorides"  could  be  obtained  from  nitrogen- substituted  acid  amides. 
However,  such  a  postulation  was  not  verified.  At  the  present  time  there  fail  to  be  any  reliable  data  on  the  pre¬ 
paration  of  compounds  of  the  type  RCCi2N(R’R'}.  When  phosphorus  pentachloride  is  reacted  with  nitrogen- disab- 
stituted  carboxylic  acid  amides  the  reaction  either  fails  to  go,  or  proceeds  with  the  cleavage  cf  R’Cl  and  the 
formation  of  compounds  of  the  type  RCC1~  NR'  [5].  As  a  result  the  amide  chlorides",  both  substituted  and 
unsu’ostituted,  apparently  do  not  exist  (or  have  not  been  obtained  up  to  now),  and  consequently  the  given  term 
is  in  general  unnecessary. 


Compounds  of  the  type  RCC1~NR'  are  easily  obtained,  have  been  comparatively  well  studied,  and  are 
regarded  as  being  "imide  chloride"  derivatives.  The  use  of  the  term  "imide  chloride"  should  be  acknowledged 
to  be  exceedingly  unfortunate,  since  it  fails  to  reflect  the  nature  of  compounds  of  this  type,  in  both  essence  and 
form  being  the  chlorides  of  imino  acids: 


RC 


NR' 

OH 


RC 


\ 


NR' 


Cl 


Imino  Acid 


Imino  acid  chloride 


Compounds  of  type  RC(  NR')C1  should  be  named  imino  acid  chlorides  or  iminoacyl  chlorides.  For  example. 


2323 


CjH5C^NCH3)C1  is  the  chloride  of  N-methyiiminobenzoic  acid  or  N-methyliminobenzoyl  chloride;  and 
CCljC(=NPOClj)Cl  is  the  chloride  of  the  N-phosphoric  acid  of  trichloroiminoacetyl  chloride.  The  term  "imide 
chloride",  as  proposed  due  to  misunderstanding,is  unnecessary,  and  should  be  excluded  from  chemical  nomen¬ 
clature. 

SUMMARY 

It  was  proposed  to  exclude  the  terms  "amide  chloride"  and  "imide  chloride"  from  chemical  nomenclature. 
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ON  THE  PROBLEM  OF 


STEPWISE  COMPLEX  FORMATION* 


K.  B.  Yatsimirsky 


In  a  published  paper  [1]  L.  P.  Adamovich  and  M.  S.  Novakovsky  come  out  with  a  criticism  of  the  method 
proposed  by  us  for  calculating  the  constants  of  unstable  complexes  in  stepwise  complex  formation.  Their  ob¬ 
jection  reduces  to  the  statement  that  "it  is  known  from  experiment  that  in  the  process  of  stepwise  dissociation 
there  can  simultaneously  cleave  not  1,  but  several,  for  example,  2  ions".  In  such  case  the  method  proposed 
by  us  for  calculating  the  instability  constants  is  inapplicable.  In  connection  with  the  above  it  is  first  of  all 
necessary  t  >  mention  that  the  remarks  of  the  authors  refer  not  only  to  the  method  proposed  by  us,  but  also 
to  all  of  the  other  currently  existing  methods  for  calculating  the  instability  constants  in  stepwLse  complex 
formation.  Such  methods  are,  for  example,  the  methods  of  Bjerrum  [2],  Leden  [3]  Fronaeus  [4]  and  others. 
Recently  these  methods  have  been  subjected  to  thorough  analysis  and  have  been  expanded  further  [5-7]. 

The  possibility  of  forming  all  of  the  intermediate  forms  in  the  dissociation  of  a  complex  follows  directly 
from  the  theory  of  stepwise  complex  formation,  proposed  by  Bjerrum  [2]  and  receiving  expansion  and  support 
in  the  numerous  studies  of  A.  K.  Babko.  For  some  reason  the  authors  of  the  mentioned  paper  were  completely 
silent  on  this  important  point.  Consequently,  the  discussion  deals  not  only  with  the  method  proposed  by  us, 
but  with  all  of  the  methods  that  currently  exist  for  calculating  the  instability  constants  in  stepwise  complex 
formation,  and  even  with  the  theory  of  stepwise  complex  formation  itself.  Finally,  the  authors  indicate  that 
contradictions  exist  in  our  published  paper  [8]. 

The  statement  made  by  us  of  the  possible  absence  of  certain  intermediate  forms  in  stepwise  complex 
formation  was  highly  conjectural  and  in  part  was  based  on  our  proposed  attempt  to  interpret  the  data  on  the 
thermochemistry  of  the  nickel  ammine  complexes  [9].  Incidentally,  we  will  mention  here  that  a  more  thorough 
analysis  of  the  experimental  data  convinced  us  that  it  is  possible  to  interpret  them  by  another  method,  without 
disturbing  one  of  the  basic  tenets  of  the  theory  of  stepwise  complex  formation. 

To  refute  the  basic  tenets  of  the  theory  of  stepwise  complex  formation  some  experimental  facts  should 
be  presented  (if  the  authors  have  such  at  their  disposal),  and  not  limit  the  discussion  to  the  phrase  that  we 
cited  above.  However,  the  questions  raised  by  the  authors  serve  as  evidence  that  actually  some  new  methods 
should  be  found  to  v;-T'fy  eyperinier.tally  the  formation  of  all  of  the  intermediate  complex  forms  in  stepwise 
complex  formation. 

It  is  possible  that  the  formation  and  existence  of  intermediate  complex  forms  can  be  verified  by  the 
method  studying  the  absorption  spectra  in  the  infrared  region  and  the  Raman  spectra.  This  method  was  re¬ 
cently  used  by  Jones  and  Penneman  to  study  the  cyanide  complexes  of  silver  [10].  In  this  case  the  authors 
were  able  to  conclusively  show  the  existence  of  intermediate  forms. 

L.  P.  Adamovich  and  M.  S.  Novakovsky  also  state  that  "analysis  of  the  Ei-  log  C  relationship  can  lead 
to  a  demonstration  of  the  existence  of  complex  compounds  with  a  definite  coorclination  number  only  when 
considerable  linear  portions  (corresponding,  for  example,  to  a  change  of  2  units  in  log  C)  are  observed  on  the 
curve".  Such  should  be  encountered  only  in  the  absence  of  stepwise  complex  formation  or  with  an  enormous 
difference  in  the  stepwise  instability  constants  of  the  individual  complexes  (by  several  orders)  [11].  In  the 
vast  majority  of  actual  cases  the  stepwise  instability  constants  differ  by  one  to  two  orders,  and  in  the  systems 
there  coexist  two,  three, or  a  greater  number  of  complexes  with  different  coordination  numbers. 

*  In  connection  with  the  paper  by  L.  P.  Adamovich  and  M.  S.  Novakovsky  "Problem  of  Determination  of  the 
Composition  of  Complexes  by  Stepwise  Complex  Formation,"  published  in  J.  Gen.  Chem.  25,  1308  (1955) 

(C.  B.  Translation  p.  1253). 
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I-LIRTHER  DISCUSSION  ON  THE  P  O  L  A  ROG  R  A  E 11 IC  DETERMINATION’ 


OF  THE  COMPOSITION  AND  STABILITY  OF  COMPLEX  IONS  IN  SOLUTION 


IN  STEPWISE  COMPLEX  FORMATION 


Ya.  I.  Turyan 


As  is  known,  in  stepwise  complex  formation  the  graphical  relationship  between  the  half-wave  potential 
(E^)  c  and  the  logarithm  of  the  addend  concentration  (log  Cj^)  is  expressed  by  a  curve  (in  contrast  to  the  corres¬ 
ponding  straight  line  when  only  one  complex  ion  is  present  [1]),  and  this  complicates  a  quantitative  treatment 
of  the  results. 

K.  B.  Yatsimirsky  [2,3]  proposed  a  c  mparctively  siinpT  method  of  finding  the  consecutive  instability 
constants  with  the  aid  of  the  curve  (Ei}(.  -  log  Cj^,  under  the  conditions  that  in  solution  complex  ions  exist 
with  coordination  numbers  (p):  1,2, 3,4,  etc. 

L.  P.  Adamovich  and  M.  S.  Novakovsky  [4]  raised  the  point  that  the  complexes  with  certain  coordination 
numbers  in  the  1,2, 3,4,  etc.  series  cannot  be  formed  due  to  steric  hindrance  or  some  other  difficulties.  On 

this  basis  the  authors  [4]  conclude  that  the  K.  B.  Yatsimirsky  method  makes  it  impossible  to  accurately  establish 
the  composition  of  the  intermediate  complex  ions,  and  only  indicates  the  minimum  -■’.nd  maximum  coordination 
numbers,  corresponding  to  a  given add'end'.concentration  interval.  Being  in  compile  agreement  with  the  argument 
of  L.  P.  Adamovich  and  M.  S.  Novakovsky,  we  believe,  for  the  case  where  the  condition  p  =  1,2, 3,4,  etc.  is  dis¬ 
turbed,  that  also  the  minimum  and  maximum  coordination  numbers  cannot  be  determined  by  the  K.  B.  Yatsimirsky 
method,  since  f -r  a  different  a  J>.l.n,l  ec  ncentratien  interval  these  ceordination  numbers  become  iiitermeoliate. 

The  remarks  made  by  L.  P.  Adamovich  and  M.  S.  Novakovsky  undoubtedly  deserve  consideration.  Never¬ 
theless,  the  voluminous  experimental  material  on  stepwise  complex  formation  in  solutions  shows  that  the  con¬ 
dition  p  =  1 ,2,3,4,  etc.  is  observed  most  frequently. 

At  the  same  time  there  are  other  difficulties  associated  with  the  use  of  the  K.  B.  Yatsimirsky  method. 

This  caused  us  to  reexamine  the  problem  of  the  polarographic  study  of  stepwise  complex  formation. 

In  addition  to  the  indicated  condition,  in  deriving  the  relationship  between  (El)  c  and  K.  B.  Yatsi¬ 
mirsky  [2,3]  makes  use  of  still  another  condition:  the  domination  of  only  two  forms  of  the  complex  ions  MXp 
and  MXp^l  (we  neglect  the  charges  on  the  ions)  when  the  concentrations  =  C  f^xp  +  i 

condition,  when  compared  with  the  first,  should  apparently  be  much  less  frequently  observed  experimentally. 

As  a  matter  of  fact,  there  may  even  be  cases  where  some  pairs  of  complexes  MXp  and  MXp^.^  fail  to  dominate 
at  all  addend  concentrations.  On  the  other  hand,  it  may  be  observed  that  there  is  domination  of  MXp  and  MXp  +  j, 
but  not  at  Cj^^p  “  ^MXp  +  f  Strictly  speaking,  the  K.  B.  Yatsimirsky  method  is  inapplicable  in  botn  examples. 

It  is  evident  that  fulfillment  or  nonfulfillment  of  the  examined  condition  depends  on  the  ratio  values  of  the 
instability  constants  of  different  complex  ions,  and  since  the  instability  constants  are  the  values  being  sought,  then 
the  validity  of  the  condition  that  the  forms  MXp  and  MXp  +  j,  dominate  cannot  be  verified  on  the  basis  of  the 
constants  found  in  this  manner. 

As  a  result,  in  using  the  K.  B.  Yatsimirsky  method  it  is  necessary  to  keep  a  number  of  limitations  in  mind. 
This  is  understandable  if  it  is  considered  that  the  K.  B.  Yatsimirsky  equation  is  an  approximate  solution  of  the 
general  relationship  between  (El)  q  and  that  was  obtained  by  DeFord  and  Hume  [5].  In  connection  with 
this,  for  a  more  complete  examination  of  the  problem  it  is  expedient  to  also  turn  to  the  exact  solution  of  this 
equation,  given  in  the  same  study  [5]. 
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For  this  we  will  first  assume  that  in  solution  at  addend  concentration  there  exist  complex  ions  with  random 
coordination  numbers  in  the  interval  1-J:  l,2,3...p,  p  +  1,  ...  J  and  corresponding  instability  constants  K|,  Kj,  Kj  ... 
Kp,  Kp-f  1...  Kj.  In  addition,  the  simple  ions  of  the  metal  are  also  present  in  the  solution.  If  it  is  assumed  as  a 
first  approximation  that  the  diffusion  current  constants  of  the  indicated  ions  are  the  same,  and,  for  simplicity, 
assume  that  the  activity  coefficients  are  equal  to  unity,  then  it  is  possible  to  derive,  in  accord  with  the  work  of 
DeFord  and  Hume  [5],  the  following  general  relationship  between  (E^)  c  and  Cx: 


PT 


f^l 


^2 


Kj 


(1) 


where  (El)s  is  the  half-wave  p>otential  of  the  simple  metal  ion.  From  this  equation  it  is  easy  to  obtain  the  K.  B. 
YatsimirsKy  equation,  if  it  is  a^umed  that  in  solution  only  two  forms  of  the  complex  ions  MXp  and  MXp^i 
dominate.  Actually,  in  this  case  all  of  the  terms  in  parentheses,  can  be  neglected  with  the  exception  of 
C^/Kp  and  /^p  +  1  i  which  leads  to  the  K.  B.  Yatsimirsky  equation: 


RT. 


ct  ' 


1. 


(2) 


The  given  equation,  under  the  conditions  p  =  1,2,3, 4,  etc,  and  domination  MXp  and  MXp^^  at  j, 

K.  B.  Yatsimirsky  solves  by  the  method  of  tangents  to  the  curve  (E|)  c  -  log  C^. 

The  essence  of  an  exact  solution  of  equation  (1),  where  fulfillment  of  the  indicated  conditions  is  not  required, 
reduces  to  a  use  of  the  graphical  method  of  Leden  [6],  already  examined  in  our  literature  [3].  It  is  necessary  to 
mention  that  DeFord  and  Hume  [5]  fail  to  consider  that  although  at  first  in  the  derivation  of  equation  (1)  random 
coordination  numbers  are  assigned  in  the  interval  1-J,  nevertheless  the  use  of  the  Leden  method  permits  them  to 
solve  the  problem  of  actually  existing  coordination  numbers.  As  a  matter  of  fact,  if  the  Leden  function  [6]  F(X) 
at  Cjj  =  0  is  obtained, differing  from  zero  by  a  value  greater  than  experimental  error,  then  this  means  that  the 
correspxsnding  complex  ion  actually  exists,  F(X)  can  have  only  a  positive  value  or  zero.  If  at  Cj^  =  0,  F(X)  is 
equal  to  zero  or  differs  from  zero  by  a  value  less  than  experimental  error,  thenlt  is  impossible  to  solve  the  problem 
of  whether  in  general  the  given  complex  ion  is  formed,  or  whether  being  formed,  it  possesses  very  small  stability. 
From  the  practical  viewpoint  both  of  these  conclusions  are  identical. 

In  conclusion  we  will  compare  the  instability  constants,  obtained  with  the  aid  of  the  exact  method  of  DeFord 
and  Hume,  with  the  corresponding  constants  obtained  on  the  basis  of  the  approximate,  but  simpler  method  of  K.  B. 


Complex 

Method 

_ 

K’z 

Ki 

Ki 

Thiocyanate  complexes  j 

DeFord  and  Hume 

11 

56 

6* 

60 

of  cadmium  [7]  J 

Yatsimirsky 

18 

62 

87 

49 

Thiocyanate  complexes  [ 

DeFcxd  and  Hume 

3 

7 

1 

20 

of  zinc  [8]  1 

Yatsimirsky 

5 

10 

14 

9 

Pyridine  complexes  | 

DeFord  and  Hume 

26 

13 

- 

- 

of  zinc  [9]  ••  1 

Yatsimirsky 

18 

68 

- 

- 

*  As  indicated  in  study  [7],  this  value  had  been  obtained  more  accurately  earlier  by  Leden  [6], 

••  We  do  nbt  present  the  constants  K3  and  K4,  since  only  the  order  of  their  values  was  obtained  in  study  [9], 


Yatsimirsky.  For  this  we  made  use  of  the  data  from  the  studies  of  Hume,  DeFord  and  Cave  [7],  Frank  and  Hume  [8], 
and  Nyman  [9],  and  determined  the  instability  constants  with  the  aid  of  the  K.  B.  Yatsimirsky  method.  The  indicated 
authors  used  the  DeFord  and  Hume  method.  A  comparison  of  tlie  formation  constants,  K**:  1/K,foundwlththcaidofthe 
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two  methods,  is  given  in  the  Table.  From  this  Table  it  can  be  seen  that  a  number  of  the  constants,  obtained 
by  the  two  methods,  show  quite  good  agreement.  However,  there  are  also  considerable  differences  (for  example, 
Ks  for  Cd  +  CNS  and  Zn  +  CNS,  and  K^'  for  Zn  +  Py),  conditioned  by  the  approximate  nature  of  the  K.  B. 
Yatsimirsky  method.  In  particular,  this  approximate  nature  is  explained  by  the  fact  that  in  the  systems  Cd  +  CNS 
and  Zn  +  CNS  the  complex  ion  MXg,  either  in  pair  with  MX2  or  in  pair  with  MX4,  fails  to  dominate  at  all  values 
of  Cj^.  In  addition,  the  condition  of  the  complexes  MXp  and  MXp^^  showing  domination  at  the  point  c  f  equal 
concentrations  is  also  not  always  fulfilled  in  the  examined  systems.  Thus,  at  = 

=  the  Cz,n  concer^ration  still  constitutes -  i/  30  .  This  also  could  have  intrrduced  s  me  err>.  r  in 

finding  the  constants  with  the  aid  of  the  K.  B.  Yatsimirsky  method. 
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FROM  THE  COMMISSION  ON  NOMENCLATURE  OF  CHEMICAL  COMPOUNDS 
OF  THE  CHEMICAL  SCIENCES  DIVISION  OF  THE  ACADEMY  OF 
SCIENCES  OF  THE  USSR 


The  Chemical  Sciences  Division  of  the  Academy  of  Sciences  of  the  USSR  set  up  a  Commission  on  the 
Nomenclature  of  Chemical  Compounds,  whose  function  is  to  collect  and  study  the  information  gleaned  from 


u 

Name 

symbol 

Atomic 

6  o* 

Atomic 

o  c 

Name 

Symbol 

L< _ 

weight 

Nitrogen 

Actinium 

N 

7 

14.008 

Neon 

Ne 

10 

20.183 

Ac 

89 

287 

Neptunium 

Np 

93 

[237] 

Aluminum 

Al 

13 

26.98 

Nickel 

Ni 

28 

58.69 

Americium 

Am 

95 

[243] 

Niobium 

Nb 

41 

92.91 

Argon 

A 

18 

39.944 

Tin 

Sn 

50 

118.70 

-Astatine 

At 

85 

[210] 

Osmium 

Os 

76 

190.2 

Barium 

Ba 

56 

137.36 

Palladium 

Pd 

46 

106.7 

Beryllium 

Be 

4 

9.013 

Platinum 

Pt 

78 

195.23 

BerKeliutn 

Bk 

97 

[249] 

Plutonium 

Pu 

94 

[242] 

Boron 

B 

5 

10.82 

Polonium 

Po 

84 

210 

Bromine 

Br 

35 

79.916 

Praseodynium 

Pr 

59 

140.92 

Vanadium 

V 

23 

50.95 

Promethium 

Pm 

61 

[145] 

Bismuth 

Bi 

83 

209.00 

Protactinium 

Pa 

91 

231 

Hydrogen 

H 

1 

1.0080 

Radium 

Ra 

88 

226.05 

Tungsten 

W 

74 

183.92 

Radon 

Rn 

86 

222 

Galodinium 

Gd 

64 

156.9 

Rhenium 

Re 

75 

186.31 

Gallium 

Ga 

31 

69.72 

Rhodium 

Rh 

45 

102,91 

Hafnium 

Helium 

Hf 

He 

72 

2 

178.6 

4.003 

Mercury 

Rubidium 

Hg 

Rb 

80 

37 

200X1 

85.48 

Germ  anium 

Ge 

32 

72.60 

Ruthenium 

Ru 

44 

101.1 

Holmium 

Ho 

67 

164.94 

Samarium 

Stn 

62 

150.43 

Dysprosium 

Dv 

66 

162.46 

Lead 

Pb 

82 

207.21 

Europium 

Eu 

63 

152.0 

Selenium 

Se 

34 

78.96 

Iron 

Fe 

26 

55.85 

Sulfur 

S 

16 

32.066 

Gold 

Au 

79 

197.0 

Silver 

Ag 

47 

107.880 

Indium 

In 

49 

114.76 

Scandium 

Sc 

21 

44.96 

Iodine 

1 

53 

126.91 

Strontium 

Sr 

38 

87.63 

Iridium 

Ir 

77 

192.2 

Antimony 

Thallium 

Sb 

51 

121.76 

Ytterbium 

Yb 

70 

173.04 

T1 

81 

204.39 

Yttrium 

Y 

39 

88.92 

Tantalum 

Ta 

73 

180.95 

Cadmium 

Cd 

48 

112.41 

Tellurium 

Te 

52 

127.61 

Potassium 

K 

19 

39.100 : 

Terbium 

Tb 

65 

158.93 

Californium 

Cf 

98 

[249] 

Technetium 

Tc 

43 

[99] 

Calcium 

Ca 

20 

40.08 

Titanium 

Ti 

22 

47.90 

Oxygen 

Cooalt 

O 

8 

16 

Thorium 

Th 

90 

232.05 

Co 

27 

58.94 

Thulium 

Tu 

69 

168.94 

Silicon 

Si 

14 

28.09 

Carbon 

C 

6 

12.011 

Krypton 

Kr 

36 

83.80 

Uranium 

U 

92 

238.07 

Xenon 

Xe 

54 

131.3 

Fermium 

Fm 

loo 

[255] 

Curium 

Cm 

96 

[245] 

Phosphorus 

P 

15 

30.975 

Lanthanum 

La 

57 

138.92 

Francium 

Fr 

87 

[223] 

Lithium 

Li 

3 

6.940 

Fluorine 

F 

9 

19.00 

Lutetium 

Lu 

71 

174.99 

Chlorine 

Cl 

17 

35.457 

Magnesium 

Mg 

12 

24.32 

Chromium 

Cr 

24 

52.01 

Manganese 

Mn 

25 

54.94 

Cesium 

Cs 

55 

132.91 

Copper 

Cu 

29 

63.54 

Cerium 

Ce 

58 

140.13 

Mendelevium 

Md 

101 

[256] 

Zinc 

Zn 

30 

65.38 

Molybdenum 

Arsenic 

Mo 

42 

95.95 

Zirconium 

Zr 

40 

91.22 

As 

33 

74.91 

Einsteinium 

En 

99 

253 

Sodium 

Na 

11 

22.991 

Erbium 

Er 

68 

167.2 

Neodynium 

Nd  ■ 

60 

144.27 
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different  languages  on  the  nomenclature  of  organic  and  inorganic  compounds,  with  the  object  of  cultivating 
and  introducing  into  practice  (among  the  different  dialects  of  the  USSR  people)  the  scientific  nomenclature 
of  chemical  compounds. 

At  the  present  time  the  Commission  is  working  on  the  nomenclature  reports  which  should  appear  in  print 
and  be  discussed  at  the  broad  conference  to  be  held  by  the  Division  of  Chemical  Sciences  in  the  first  quarter 
of  1957.  This  should  be  preceded  by  a  wide  general  discussion  of  the  indicated  reports. 

The  following  are  included  in  the  number  of  basic  documents  available  to  the  Commission. 

A.  Nomenclatuture  of  Organic  Compounds.  1)  The  Geneva  rules  of  1892  and  their  modification  in  the 
4th  Edition  of  Beilstein;  2)  the  rules  of  the  International  Union  of  Pure  and  Applied  Chemistry,  adopted  in 
1930-1953;  3)  the  Report  of  the  International  Union  of  Pure  and  Applied  Chemistry  for  the  Systematic  Nomen¬ 
clature  of  Hydrocarbons  and  Basic  Heterocyclic  Rings  (1955);  4)  the  new  proposals  of  Lawson,  Taylor  and 
Patterson  on  the  Nomenclature  of  Condensed  Cyclic  Structures  (1955). 

B.  Nomenclature  of  Inorganic  Compounds.  1)  The  information  of  the  Nomenclature  Commissions  of 
the  Mendeleev  Societies,  compiled  by  A.  Kh.  Bork;  2)  the  rules  of  the  International  Union  of  Pure  and  Applied 
Chemistry. 

The  information  of  "A"  (1-3)  was  published  in  the  book  by  A.  P.  Terentyev  and  others  "Nomenclature  of 
Organic  Compounds".  Acad.  Sci.  USSR  Press,  Moscow  (1955).  For  the  information  of  "B"  (1)  see  Prog.  Chem., 

6,  605-G21  (a  detailed  bibliography  is  included),  924,  1251,  1723  (1937).  The  other  information  will  be  pub¬ 
lished  by  the  Commission. 

The  Commission  is  asking  chemical  firms,  scientific  research  institutes,  higher  educational  institutions, 
bock  publishers,  journal  editors  and  individuals  to  communicate  their  proposals,  remarks  or  desires  on  the 
questions  of  the  nomenclature  of  organic  and  inorganic  compounds 

The  correspondence  should  be  addressed  to;  Commission  on  Nomenclature,  Div.  of  Chem.  Sci.,  14 
Kaluzhskaya  B.,  Moscow,  or  directly  to  the  chairman  of  the  Commission,  Acad.  Sci.  USSR  Correspondinn 
Member  A.  P.  Terentyev  (Chemical  Faculty,  Moscow  State  University,  B-234,  Moscow). 

The  Commission  on  the  Nomenclature  of  Chemical  Compounds  of  the  Div.  Chem.  Sci  ,  Acad.  Sci.  USSR 
recommends  that  in  both  Russian  print  and  pedagogical  practice  the  official  names  and  symbols  of  the  chemical 
elements,  given  in  the  attached  table,  be  used. 

In  the  table  are  also  given  the  atomic  weights  of  the  elements,  approved  by  the  International  Commission 
on  Atomic  Weights  in  1953  and  made  effective  in  1956.  L  International  Union  of  Pure  and  Applied  Chemistry. 
Proceedings  of  the  17th  Conference  (1953);  J.  Am.  Chem.  Soc.,  76,  2033  (1954)3. 

For  some  of  the  radioactive  elements  the  mass  numbers  of  the  most  long-lived  isotopes,  shown  in  brackets, 
are  presented  instead  of  the  atomic  weights. 

These  values  are  based  on  literature  information  as  of  January  1,  1956.  When  compared  with  the  values 
approved  by  the  International  Commission,  the  following  changes  have  been  made. 

Berkelium.  Previous  value  245,  half-life  4.95  days.  Recommended  value  249,  half-life  290  days.  Based 
on  the  data  of  Diamond,  Magnusson,  et  al.,[Riys.  Revs.,  94,  1083  (1954);  96,  1576  (1954)].. 

Californium.  Previous  value  248,  half-life  250  days.  Recommended  value  249,  half-life  470  ±  100  years. 
Based  on  the  data  of  Diamond,  Magnusson,  et  al.  ,L'Phys.  Revs.,  94,  1083  (1954);  96,  1576  (1954)]. 

Also  given  in  the  table  are  the  elements  Nos.  99,  100  and  101,  obtained  by  Seaborg  and  coworkers  in 
1951-1955,  for  which  the  indicated  investigators  proposed  the  names:  No.  99— Fermium  (Fm),  No.  100- Ein¬ 
steinium  (E),  and  No.  101— Mendelevium  (Mv)CPhys.  Revs.,  98,  1518  (1955);  Prog.  Chem.,  25,  135  (1956)3. 

Accepting  these  names,  the  Commission  recommends  using  the  symbol  En  f  r  einsteinium,  and  the 
symbol  Md  for  mendelevium,  which  is  in  accord  with  the  traditional  practice  of  h  rming  the  symbols  of  elements. 

For  the  isotopes,  found  in  the  natural  radioactive  series,  as  well  as  for  the  isotopes  of  other  elements,  it 
is  recommended  not  to  use  the  now  obsolete  historical  names,  but  instead  the  element  symbols  given  in  the 
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official  list,  indicating  the  isotope  mass  number  by  Ifliex. 

^  it  has  been  decided,  together  with  the  recommended 
names  and  symbols:  deuterium  (D),  tritium  (T),  actinon  *nd  thoron  (Tn) 
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